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APPENDIX II.1-A

DETAIL MAP OF THE HANFORD RESERVATION
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APPENDIX II.1-B, Part 2

Waste Management Facilities,

Cribs and Burial Grounds
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Site Designation
Turrent

TABLE II.1-B-1
WASTE MANAGEMENT FACILITIES, 100-B AREA CRIBS AND BURIAL GROUNDS

Service Dates

R Removed
{Past) Location Function In Service From Service
118-C-1 NG7316.00/W80005.48 Disposal of miscellaneous radiocac- 7953 1969
(105-C Burial Ground) N67316.00/479748.48 tivg solid waste from 105-C ¢
N67249.63/W79494.48 Building.
N66920.00/W79494 .48
N66920. 00/WB0005. 48
118-B-1 ) 1100 feet west of 182-C Disposal of miscellaneous 1944 1974
{105-B ‘Burial Ground) (reservoir and pump house) radioactive solid waste
Also received 100-N Area
waste,
118-8-2 _ 350 feet directly east of  Used for the disposal of dry 1954 1956
(Construction Burial the 105-B Building. waste from the 107-B basin
Ground No. 1} Approx. 30 x 60 feet repairs and for waste from
115-B alterations,
118-B-3 East of the other con- Disposal of waste from efflu- 1956 1950
{Construction Burial struction burial trench ent line modifications,
Ground MNo. 2)
118-B-4 Approx. 200 feet east of Six storage tanks were 1956 1968
(10§~B Dunmy Storage 103-8 installed below ground for
Burial Ground) fuel spacer disposal.
118-B-5 Received irradiated material January 1953
{Ball 3% Burial 150 feet east of 115-B such as thimbles and step 1953
Ground) {gas recirculation) plugs removed from Reactor
during the ball 3X work in
1953,
118-B-6 350 feet NW of 105-B Two concrete pipes 18 ft tong 1950 1953
{108-B So1id Waste Reactor and 6 ft in diameter placed ver-
Burial Ground) tically in ghe ground for the
disposal of dry tritium waste
116-B-1 Approx. 200 feet directly  Received effluent water from the 1950 1968
{107-B Liquid Waste east of the 107-B basin B Reactor during cutages due to
Disposal Trench) a ruptured fuel element.
116-B-2 250 feet NE of 105-B This trench was dug after a fuel 1946 1946
{105-8 Storage Basin element was accidentally cut in
Trench) half in the storage basin. The
basin was cleaned by draining the
water into this trench.
116-B-3 100 feet east of 105-B Received water from isolated tubes 1957 1956
{105-B Pluto Crib) containing ruptured fuel elements.
116-B-4 Approx. 50 feet south of Disposal of radioactive waste 1957 1968
(105-B Dummy Decon- 105-8 Crib from decontamination of process
tamination Disposal dummies and poison which was
Crib) done on the wash pad.
116-B-5 200 feet north of 1713-C Disposal of Viquid tritium 1950 1968
{108-B Crib) (solvent storage) waste. Only waste of less
than TuCi/cc of tritium was
discharged to this c¢rib.
116-8-6 Irmediately north and Received radicactive waste from 1851 1968
(111-B Cribs (2)) south of the 11 the 111-8 Building.
111-8 Building
116-B-7 Approx. 600 feet west of Currently used for disposal of 1944 In Use
(190487 Qutfall the 1904-B-2 outfall water plant treatment waste
Structure) structure water.

I1.1-8-12



TABLE II.1-B=-1 {Continued)

Site Pesignation Service Dates
turrent Removed

{Past) Location Function In Service From Service

116-8-8 300 feet north of 107-B
(1904-82 Qutfail ratention basin's NE
Structure) corner

Received and discharged reactor 1944 1968
coolant effluent to the
Columbia River.

116«C-1 1000 feet, east of the 107-8 Received effluent water from the 1952 1968
{107-C Liquid Waste ratention basin reactor during outages due to a
Disposal Trench) ruptured fuel element.

116-C-2 275 feet east of the NE Received contaminated waste 1952 1956

ek

on

{105-C Pluto Crib}

corner of 105-C

from the dummy decontamination
done on the wash pad and water
from the 105-C metal examining
facilities,

116-C-3 300 feet NE of 105-C Two 27,000-gailon tanks 1964 1969
(105-C Chemical received caustic waste from
Waste Tanks) dejacketing and acid waste
from extruding of irradiated
fuel alements in the metal
examination facility.
116-C-4 Approx. 900 feat east Received and discharged reactor  November 1969
(1904-C OQutfall of the 1904-B-2 coolant effiuent to the Columbia 1952
Structure) structure identified River.
previously as 116-8-8.
107-8 N71660/1480560 Retained coolant effluent water 1944 1968
{107-B Retention N71660/W80090 from B Reactor for radicactive
Basin) N71430/W80560 decay prior to release to the
N71430/W80090 Columbia River.
107-C Center pts. at: Retained coolant effluent water 1952 1969
{107-C Retention N71045/H79970 from C Reactor for radicactive
Basins) N71045/480320 decay prior to release to the

Columbia River.

II.1~B~13
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TABLE II.1-B-2
WASTE MANAGEMENT FACILITIES, 100-D AREA CRIBS AND BURIAL GROUNDS

Service Dates

Site Designation
Current Removed
{Past) Location Function In Service From Service
118-D-1 N90380.0/W53205.0 Contains irradiated dummies, August 1967
{100-b Burial NOO380.0/W52755,0 thimbles, rods, gunbarrals 1944
Ground No. 1) NS0005. 0/W527585.0 and other contaminated solid
N900G05.0/W53205.0 \ waste
118-D-2 NS0582 /055652, 00 Contains miscellaneous con- 1949 1970
{100-D Burial N90582. 00/W55295. 00 taminated solid waste
Ground No. 2) N89493.00/W55295.00 Starting in April 1965,
NB9500.W55652. 00 100-N Area solid waste was
also buried here
118-p-3 N91222.61/W52543.30 Miscellaneous contaminated 1956 1973
{100-D Burial N91346.35/W52543.13 solid wastes and irradiated
Ground No. 3) N91461.09/W52377.65 dumies, splines, rods,
N91473.66/W51950,73 thimbles, and gumbarreis.
N91317.73/W51725.01 Also used for disposal of
N91323.05/W51435.73 100-N Area solid waste
H91264.50/W51430,74
N91262.57/W51998.27
N91224.19/W52099,07
118-D-4 600 x 200-foot hurial area Several trenches used for 1953 1967
{Construction which starts approx. disposal of contaminated
Burial Ground) 200 feet east of 115-D material removed from the
(gas recirculation} reactor building,
118-D-5 100 feet south of Thimbles removed from the 1954 1954
(Ball 3X Burial) 105-DR 105-DR Reactor during the bali
3X work in 1954 were buried in
this trench.
118-DR-1 600 feet south of 105-DR Irradiated metal assembly from 1963 1964
{105-DR Gas Loop the 105-0R gas loop was buried
Burial Ground) here,
116-0-1" 100 feet east of 105-D Received contaminated sludge 1947 1967
(105-D Storage Basin from the 105-D storage basin.
Trench),
116-D-2 100 feet east of 115-D Received water from isolated 1950 1956
{105-D Pluto Crib) (gas recirculation). reactor tubes contain ruptured
fuel elements. '
116-D-3 Directly east of Used for low level fission pro- 1951 1967
{108-D Crib No. 1) 108-D (Technical duct waste from a contaminated
Development Laboratory) maintenance shop and cask decon-
tamination.
116-D-4 100 feet east of 108-D Used for contaminated waste from 1956 1967
(108-D Crib No. 2) maintenance shop and technical
laboratory.
116-D-6 Approx. 400 feet west of Received reactor coolant water 1944 In Use
{1904-D Qutfall the 107-D retention basin from the 107-0 retention basin.
Structure) In-service to receive waste
from the area process sewer,
116-DR-1 100 feet east of 107-DR Received effluent water from the 1950 1967
{107-DR Liquid Waste basin’s NE corner 105-D or 105-DR reactor when
Disposal either had a ruptured fuei
Trench No. 1) element.
116-DR-2 Directly southeast of A second trench for disposal of 1955 1967
{107-DR Liquid Waste 107-DR 1iquid waste effluent from D and DR systems
Disposal disposal Trench No. 1 during outages caused by
Trench No. 2) a ruptured fuel element,
116-DR-3 150 feet east of 117-DR Contaminated sludge removed from 1955 1955

(105-DR Storage
Basin Trench)

(filter building)

105-DR basin in 1955 was
buried here.

11.31-B-14



TABLE II.1-B-2 (Continued)

Service Dates

Site Designation
et Removed
{Past) Location Function : In Service From Service
116-DR-4 40 feet NE of 105-DR Received water from isolated 1950 1956
(105-DR Pluto Crib) storage basin trench tubes containing ruptured
fuel elements in 105-DR.
116-DR-5 Approx. location Received and discharged reactor 1950 1965
(1904-DR Qutfall N94651/W53657 coolant effluent to the Columbia
Structure) River.
107-0R Approx. : Retained reactor coolant 1950 1964
(107-DR Retention N94680/WE2516 effluent water from DR Reactor
Basin) N94680/W52219 for radicactive decay prior to
N94058/W52219 release.
K94058/W52516
107-D NG4685/4W53250 Retained reactor coolant 1944 1967
(107-D Retention N94685/W52780 effluent water from [ Reactor
Basin) N94455/4W52780 for radicactive decay prior to
N93455/W53250 release.

IT.1-B~15
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TABLE II1.1-B-3

WASTE MANAGEMENT FACILITIES, T00-F AREA CRIBS AND BURIAL GROUNDS
Serviée Dates

Site Designation
Current

Removed

{PNL Animal Waste
Leach Trench)

W28880 W28910
N79860 N79840
W28610 W28640

I11.1-B-16

(Past) Location Function In Service From Service
118-F-1 N78071.90/W32200.00 Miscellanaous Radioactive Solid 1954 1965
(Burial Ground No. 1 N78178.34/W31800.00 Waste Disposal
Solid Waste Burial N78178. 34/431600.00
Ground No. 2, and | N77671.09/431600.00
Minor Construction N77671.09/W32200.00
Burial Ground No, 2}

118-F-2 N78990.99/W32787.00 Miscellaneous Radiocactive Solid 1945 1965
{Burial Ground No. 2 N78985.45/W32461.78 Waste Disposal
Soltd Waste Burial N78626.50/W32469.82
Ground No, 1) N78623.33/W32796.01
118-F-3 N78839.56/W31274.03 Received irradiated wagte such 1952 1952
(Burial Ground No. 3 N78812.17/W31232.2] as thimbles and step-piugs
M.C. Burial Ground N788749.49/W31273.27 removed from the 105-F pile dur-
No. 1) N78663.54/W31267.57 ing the ball 3X work in 1952,

N78660.24/W31317.46

N78762.87.W31324.26
118-F-4 200 feet south of the Received stlica gel from a 1949 1949
{115-F Pit) 115-F Building dryer room.
118-F-5 N78980 N79020 Low-level activity 1954 In Use
{PNL Sawdust W28990 W279200 Sawdust from animal pens
Repository) N78600 N78690

W27780 W28380
118-F-6 N77780 KW31948 Animal and laboratery waste 1965 February
(PNL Solid Waste N77390 W31720 1973
Burial Ground)
116-F-1 Natural ditch to the Liquid waste from 105-F and 1953 1965 }
(Lewis Canal) west and then north 190-F Bldgs, and decontamina-

of 105-F (H-1~15244) tion waste from 189-F Building.
116-F-2 150 feet SE of 107-F Disposal of coolant effiuent 1950 1965
{107-F Liquid Waste Basin's SE corner water containing rupture debris.
Disposal Trench)
116-F-3 130 feet south of 105-F Received effiuent from fuel 1949 1851
{105-F Storage Basin element rupture. In 1951,
Trench) sludge from the 105-F storage

basin was put in the trench.
" 116-F-4 100 feet west of the 105-F Disposal of coolant water from 1950 1956

{105-F Pluto Crib) storage basin trench process tubes containing rup-

described above tured fuel elements.
116-F-5 250 feet SW of 105-F Waste from decontamination of 1953 1953
(Ball Washer Crib) boron-steel balls.
116~F-6 50 feet SW of the 105-F Disposal of outage effluent 1952 1965
(1608-F Liquid Waste storage basin trench water. ’
Disposal Trench} described above
116-F-7 Approx. 200 feet south of Drainage from confinement system's 1960 1965
{117-F Crib) the ball washer crib filter seal pits.

(116-F-5)
116-F~-8 Approx. 850 feet north of Received and discharged reactor 1945 1965
(1904-F Outfall 107-F retention basin coolant effluent to the
Structure) Columbia River
107-F N79967.0/W29130.0 Retained coolant effluent water 1945 1965
{(107-F Retention N79967.0/W28900.0 from F Reactor for radicactive
Basin) N79500. 0/W28900.0 decay prior to release to the

N79500.0/W29130.0 Columbta River.
116-F-9 N80140 NBOV1I0 Receives washdown from animal pens. 1963 in Use Ny
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S$ite Designation
Current

TABLE II.1-B-4

WASTE MANAGEMENT FACILITIES, 100-H AREA CRIBS AND BURIAL GROUNDS
Service Dates

Removed
{Past} Location Function In Service From Service
118-H~1 N94185. 11/W40650. 34 Contains dummy elements, process 1949 1965
{110-H Burial N94175.44/W39954.27 tubing, and miscellaneous solfd
Ground No. 1) N93835.44/W39956.31 waste
N93835.44/W40680.19
118-H-2 N95318.05/W41129.53 Received stainless steel tube 1955 1965
{100-H Burial N95313.50/W40983.24 removed from the reactor in
Ground No. 2 N95267.72/W40984,59 1955. During the deactivation
H-1 Toop burial area} N95266.68/W41127,99 of H plant, it was used for
disposail of a smatl amount of
contaminated pipe.
116-#-3 Approx. 800 feet south of Received sections of contaminated 1953 1957
(Construction 105-H Building's SE 16" pipe used as chutes for
Burial Ground) corner removal of thimbles from 105-H.
118-H-4 100 feat directly west Irradiated material such as 1953 1965
(Ball 3X Burial of 105-H VSR thimbles and guides from
Ground } 105-H was buried in this trench.
118-H-5 100 feet directly north of A thimble assembly from the "B" 1953 1953
(105-H Thimble Pit) the 1608-H crib (sea experimental hole, 105-H, was
1608-4 crib's location buried here.
under 116-H})
116-H-1 Approx. 350 feet south of Disposal of coolant effluent 1952 May
(107-H Liquid Waste the 107-H ratention from ruptures. Also received 1965
Disposal Trench) basin water punped from the 107-H
basin during deactivation of
the basin,
1le-H-2 Directly south of Received reactor liquid affluent 1953 1965
(1608-H Crib and 105-H and just outside during the Ball 3X project.
Trench) of the cyclone fence
which surround the
reactor building
116-H-3 200 feet southeast of Received the spent acid and rinse 7950 1965
(105«H Dummy Decon- 105-H water from the 105-H dummy decon-
tamination Fremch tamination facility.
Orain - Also known :
as Perf Decontamina-
tion Drain)
116-H-4 Just off the 105-H Bufld- Oisposal of effluent from 1950 1952
(105-H Pluto Crib} ing's southwest corner tubes containing ruptured fuel
ejements.,
116-H-5 N96258.97/W38545.56 Received and discharged reactor 1948 1965
{1904-H Qutfall N96278.97/W38502, 56 coolant effluent to the Columbia
Structure) N96240.0/438479.76 River.
N96215.0/W38523.06
167-H N96000. 0/%38740.0 Retatined cooiant effluent water 1949 1965
(107-H Retention NG6000.0/W38466 from H Reactor for radiocactive
Basin} NO5368/W38466 decay prior to release to the
N95368/W38740.0 Columbia River.
116-H-6 Center Pts. At Receivas the liguid waste from 1973 In Use
(183-Basin) - N96030/W35020 the 300 Area Fuels Fabrication

Facility for solar evaporation
and recovery of metals.

11.1-B-17
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Site Designation
Current

TABLE II.1-B-5
WASTE MANAGEMENT FACILITIES, 100-K AREA CRIBS AND BURIAL GROUNDS N

Service Dates
Removed

{Past) Location Function In Service From Service
118-K NK5229.50/Wk3930 Radioactive solid waste from 1955 December
{100-K Burial Ground} Ng5229.50/Wk3651 .50 K and N Reactors were buried - 1973
Nk5142,20/Wg3580 here.
Ny 5032.20/Wg3380.75
NgA4235.00/Wg3379.50
NK4235.00/W 3830
116-¥-1 Approx. 200 feet outside Recejved reactor coolant 1955 1671
(100-K Crib) of the perimeter fence's water from 107-K retention
north corner basins.
116-K-2 Starts approx. 450 feet Received reactor coolant 1955 1971
{100-K "Mile Long" outside of the perim- water from the 107-K
Trench) eter fence's north retention basins.
corner
116-K-3 Center of N, 5650/M,5036 Received and discharged reactor 1955 In Use
{1906-K Outfall coolant water from the 107-K
Structure) retention hasins to the
Columbia River.
116-KE-1 200 feet east of 1713-KE Condensate and other waste water 1955 1870
{115-KE Crib) {maintenance building) fro? the reactor gas purification
system.
116-KE-2 180 feet west of 1706-KE Waste from the cleanup columns 1957 1964
(1706-KER Crib) building in the 1706-KER leop.
116-Ki-1 Approx. 230 feet east of Condensate and other waste water 1955 1871
{115-%W Crib) 105-KW from the reactor gas purifi-
cation system..
107-KE Center points: Retained coolant effiuvent water 1955 197
(107-KE Retantion Ng5356,99/W4268.02 from KE Reactor for radiocactive
Basins [31) Ng5328,50/Wg4536. 51 decay prior to release to the , C
Ni5300.00/Wk4805.00 Columbia River. - - - . ’
107~-KW Center points: Retained coolant effluent water 1955 1970

(167-KW Retention
Basins [3])

Site Designation
urrent

N5245/WK6190
Nk5245/WK6460
NK5245/Wg6730

from KW Reactor for radigactive
decay prior to release to the
Columbia River.

TABLE II.1-B-6

WASTE MANAGEMENT FACILITIES, 100-N AREA CRIBS AND BURIAL GROUNDS

Service Dates
Removed

(Past) Location Function In Service From Service
116-N-1 Crib Radioactive effluent streams Crib 1964 In Use
(1301-N Crib and G882/ NN7004 from 105 and 109-N Trench 19656 In Use
Trench) WN5982/NN7300

HNSB56/NN7 300
WN5B56/NN7004
Trench
1600-foot northeast exten-
sion of the above crib
116-N-2 Center point at Collecting tank for M Reactor 1964 In Use
(1310-N Waste WNS985/NNGT75 primary piping decontamination
Storage Area) wastes.
118-N Area just outside of Storage of N Reactor fuel 1963 (one In Use
105-N Building's NW spacer elements 1967 (two

EIOO—N Area Silos
3])

corner.

II.1-B-18
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APPENDIX II1.1-B, Part 3

Estimated Radicactive Material Inventories
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TABLE I1,1-B-7

ESTIMATED INVENTORIES IN REACTOR FACILITIES THROUGH 1972

2 Reactor Blocks
2 Metal Storage Basins
3 107 Basins and Soil.

2 Reactor Blocks
2 Metal Storage Basins
2 107 Basins and Soii

1 Reactor Block
1 Metal Storage Basin
1 107 Basin and Soil

1 Reactor Block
1 Metal Storage Basin
1 107 Basin and Soil

2 Reactor Blocks
2 Metal Storage Basins

6 107 Basins and Soil

1 Reactor Block
Spacer Storage

TOTAL (Ci)

Inventory - (Curies)

13,000 (°Yco)
20 (s, 137¢5, 23%,))
150 {152gy, 23%y)

8,500 (5%o)
20 (Ogp, 137¢, 239,
100 (¥52y, 3%y

4,300 {500)
10 (Bsr, 137¢s, 23%,)
50 ('5%ky, 2%y

4,300 (5%o)
10 (QOSr, ]37Cs, 239Pu)
50 ("2, 2390

26,000 (%%0)
100 (QOSr, 13765, 239Pu)
300 (132gy, 23%y)

18,000 (®%o)
150,000 (°%Fe)
2,000 (50¢o)
160 (F0sr, 137¢g, 23%,,
650 (19%Eu, 23%y)
76,100 (8%co)
150,000 {°7Fe)

NOTE: 14(: data in the reactors and reactor systems are
insufficient to quantify at this time.
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TABLE 11.1-B-8 TABLE 11.1-B-9

F 100 AREAS APPROXIMATE INVENTORIES (a) ESTIMATED INPUT TO THE 100-N AREA CRIB
CRIBS AND BURIAL GROUNDS THROUGH 1972 THROUGH 1972

Radioactive Inventor
Ralf-Life Ha17-L{ ¥e Crib

<1 Year, >1 Year, Inventory,
Location Ci Ci Ci
100-B 50 32, 15
Solid Waste 3,5 3,500 (““Co)
{Production) (54Mn, gng) Sley 40
100-D i 800
Solid Waste 4,000 (GOCO) 5800 14
(Production) 5
100-F Fe 80
Solid Waste 1,900 (59%0) 60¢, 2000
(Production) 89
SoTid Waste 15 (9051') Sr 10
{Research) 905,{_ 50
fre Sawdust Repository 9081' g5
(Research) 0.3 (23%u) Ir 150
« Animal Waste 99
Leaching Trench 4 (QOSr; : Mo 20
L (Research) 0.08 (23%u) 06, . . g
- 100-H . 13 1 6
Solid Waste 3,500 (6000) 134
wire . {Production) Cs 0
-~ 100-K ' . 137¢4 350
Solid Waste 1,000 (%3zn) 13,000 (%%0) 140, 20
& {Production} —=
et o1 TOTAL 3700
TOTAL 60¢, 25,900
o 90gy. 34
e 239, 0.38
G 857, 1,000
. 5%, %520 3,500

————————— .

{2} Except for 100-N Area Crib.

11.1-8B~21
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TABLE II.1-B-10

100-N RADIOACTIVE MATERIAL RELEASES TO THE COLUMBIA RIVER - 1972

T3] Significant reducticn of the activity in this stream is expected
following the post-1972 rerouting of radiocactive )iquid waste streams
feeding into the 102-inch discharge line,

GASEOUS RADIOACTIVE MATERIAL RELEASE - 1972

Volume 1.9 x 10]5
Total Release {C1)
Avg. Release Rate (Ci/day)
Avg. Concentration (pCi/m1)

% Reactor

4 3H 131[ 133

Ar

1

1x10°  2.7x100 1.3
270 0.07 3.6 x
5.2 x 107 1.4 x 1078 5.8 x

Plutonium Inhalation Laboratory--144-F

Volume 2.4 x 0.09 (ft3)
Ave. Concentration (uCi/mi1)
Ave. Release Rate {uwCifwk)
Max. Release Rate (uCi/wk)
Total Release (uCi)

Total Algha(a)

.4 x 10715
<0.007
<0,029
<0.37

102 o5
10°% 14103
10712 2.6 x 10719

Total Beta{&l
<6.6 x 10714
«<0.087
<0.13

<4.5

naiyzed as though alpha activity were due entirely to 239p,,,
l i Aanlyzed as though beta activity were due entirely to 30sp,

I1.1-B-24

Via 102-inch Discharge*Line(.) Via Seepage Springs on Riverbank
Gross Volume Nuclide Curies Conc. Gross Volume Nuclide' Curies Cone.
(uCi/ml) . (uCifmt)

Ty T041a 10 2.7x10°° 28x107 ¢ 0, 0.5 1.8 x 1077

58, 2 5.4 x 1077 60c,, 0.01 3.6 x 1077

80¢o 20 5.4 x 1078 e 5.3 1.9 x 1078

See 20 5.4 x 107 137¢ 0.05 1.8 x 1078

1344 0.5 1.6 x 107° 3 7000 2.5 x 1073

137 5 1.4 x 1078 13 1.9 6.8 x 1077

9% 10 2.7 x 1078 9%y, 1.1 3.9 x 1077

131, 40 1.1 x 1077 89¢y. 0.05 1.8 x 1078

54n 40 1.1 x 1077 905, 0.95 3.4 x 107

564n 600 1.6 x 1078

9o 20 5.4 x 1078

25, 500 1.4 x 1078 .

239, 90 2.4 x 1077

1245y, 0.8 2.2 x 1073

9570mb 8 2.2 x 1078

103p, 0.4 1.1 x 1077

106g, a 1.1 x 1078

13330 10 2.7 x 1078
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TABLE I1,1-B-10

100-N RADIOACTIVE MATERIAL RELEASES TG THE COLUMBIA RIVER - 1972

Via 102-inch Disc:harge*Line(‘J Via Seepage Springs on Riverbank
Gross Volume Nuclide Curies Conc. Gross Volume Nuciide‘ Curies Conc.
(uCifml} (uCi/ml)

3.7 x 1007 & 130,14 10 27 x10% 2.8x107 5 0, 0.5 1.8 x 1077

58¢q 2 5.4 x 107 60c4 0.01 3.6 x 107°

60¢,, 20 5.4 x 1078 ey 5.3 1.9 x 107%

ey 20 5.4 x 1078 1375 0.05 1.8 x 10°

134, 0.5 1.4 x 1077 3y 7000 2.5 x 1073

1375 5 1.4 x 1078 13, 1.9 6.8 x 1077

e 10 2.7 x 1078 ™ 1.1 3.9 x 1077

131 a0 1.1 x 107 895, 0.05 1.8 x 1078

4y a0 11 x 107 90, 0.95 3.4 x 1077

56Mn 600 1.6 x 1076

%4 20 5.4 x 1078

s 500 1.4 x 107

23%, 90 2.4 x 1077

1245, 0.8 2.2 x 1077

957.nb 2.2 x 1078

1035, 0.4 1.1 x 107

106, 1.1 x 1078

133y, 10 2.7 x 1078

Ta] Significant reduction of the activity fn this stream is expected
following the post-1972 rerouting of radiodctive liquid waste streams
feeding into the 102~inch discharge line.

TABLE I1.1-B-11
GASEOUS RADIQACTIVE MATERIAL RELEASE - 1972

N Reactor

a1 3 121 133
Yolume 1.9 x lqlsml Ar H I i
Total Release (Ci) 1x10°  2.7x100 1.3x10°% 0.5
Avg. Release Rate (Ci/day) 270 0.07 3.6 x 107 1.4 x 1073
Avg. Concentratfon (pCi/mt) 5.2 x 107° 1.4 x 1078 6.8 x 16772 2.6 x 10710

Volume 2.4 x 0.09 (ft3)

Plutonium [nhalation Laboratory--144-F

Total Alpha'®) Total geta(P)

Ave. Concentration {uCi/m1} <5.4 x 10'15 <6.6 x 101
Ave. Release Rate {uCi/wk) <0.007 <0.087

Max. Release Rate {uCi/wk) <(.029 <0.13

Total Release {uCi) <0.37 <4.5

a naiyzed a5 though alpha activity were due entirely to 239py,,
’b; Aanlyzed as though beta activity were due entirely to 905p.

11.1-B-24
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TABLE II.1-B-12
100 AREAS UNPLANNED RELEASES

DATE BLDG. DESCRIPTION NUCLIDE & AMOUNT
6-27-72 1310-N  Radicactive chemical waste handling facility piping 35 Ci, of which
leak., Approx, 20,000 galions of radioactive wastes 26 Ci were 60Co.

discharged to ground.
3-13-71 141-C  The main sewer lines from 141-C to 141-N Bldgs. became ~ 0,005 Ci 905y

100-F plugged and spread contamination on the ground. Area
20" x 40' x 40 B8000-20,000 c/m ~. Area stabilized
with clean gravel cover.

§-23-68 105-KE Release to river. 2000 Ci mixed activation products. 2000 Ci mixed F.P,

2-11-66 105-KH Fuel element failure, releasing 600 curies of 1-131 to 600 ci 131
river.

1-17-64  107-F High wind spread particulate contamination out of 107-F Mixed activation
basin while it was dry for repairs, Particies to products
80,000 ¢/m. Particles with > 5000 ¢/m removed.

7-11-63 107-KW  Northeast wind spread particulate contamination out of Mixed activation
KW Basins while they were dry for repairs. Particles products
from 1000-8000 c/m. No contamination detected off

3 project. Involved area controlled as radiation zone,

contaminants seated by water flush and decayed.

6-7-63 107-KE  Wind spread particulate contamination out of KE Basins Mixed activation
which were nearly dry due to extended reactor shutdown, products

Maximum particle inside limited area fence was 300 mrads/hr.
Maximum outside fence was 20,000 c/m. No contamination
detected off project. Particles > 5000 c/m recovered.

4-29-59 105-KW During discharge, a small fraction of a ruptured fuel 1.3 Ci mixed F.P.
element burned and particulate contamination was released
to the atmosphere via the ventilation stack. Widely
dispersed particulates detected on Wahluke Slope. Five
particles ranged from 3000 to 60,000 cpm, Control mon-
itoring plots established to determine migration of low
activity particles; those particles > 5000 c¢/m recovered,

12-6-57 107-C Wind spread particulate contamination from C Basin which Mixed activation
was dry for repair. General contamination of 3000 to products
6000 ¢/m in a fan shape area to the east and sputheast
with a maximum of 65 mrad/hr. Area posted as Radiation
Zone, seasonal rains fixed contaminant ir soil.

9-27-57 105-C Ruptured fuel element burned for 10-min at reactor dis- 4 Ci F.P,
charge face. No deposition of radicactivity was found
on the ground outside 105-C exclusion area although an
estimated 4 Ci of filterable gross beta activity was
emitted from 105-C stack.

4-23-57 107-C Wind spread particulate contamination from C Basin which Mixed activation
was dry for repair work. Ground contamination of 5000 to  products
80,000 c/m extended in a fan shape east. A later wind
shifted the contamination to the northeast with readings
up to 5000 c/m on May 2, 3 and 6. Area flushed repeatedly
with water to immobflize particulates.

2-21-57  107-D Wind spread particulates contamination out of 107+-D Basin Mixed activation
while it was dry for repair work. Maximum contamination products
was 40 mrad/hr with 0-8 particles per 100 ft? inside
100-0 area fences, No significant contamination was found
outside 100-D Area or on Wahluke slope. Particles
> 5000 ¢/m recovered.

9-17-56 105-C A fuel element burned for 6 minutes at the reactor dis-
charge face resulting in stack emission of particulates.
Contamination levels on ground were 5000 to 30,000 c/m.
Maximum particle 350 mrad/hr. Area involved was
decontaminated.

5-15-56  107-H Swallows used mud from 107-H liquid waste trench for nest
building. The contaminated mud was being dropped around
the 100-H water towers and at scattered locations over
the flight path to White Bluffs across the Columbia River.
Concentrations ranged from 0-6 particles per 100 ft2 with
a maximum reading of 150 mrad/hr. Nests removed at the
building sites, waste trench exposed mud covered with
clean gravel,

239Np and mixed F.P.

I1.1-B-26
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DATE
11-1-55

5-23-55

5-3-55

3-26-54

2-25-54

12-4-51

BLOG.
105-H

107-F

105-H

107-C

107-8

P-1

TABLE I1.1-B-12 {Continyed)

DESCRIPTION NUCLIDE & AMOUNT

Ruptured fuel element burned briefly during discharge 0.8 Ci Barium, Rare
resulting in a stack emission and discharge of 1000-2000Ci fFarths, Yttrium

of mixed fissfon products to the basins. Ground level con-

tamination was up to 12 particles per 100 ft2 ranging from

1000 to 10,000 c/m and a maximum lavel of 700 mrad/hr. The

contamination spread south over about seven square miles. Con-

taminated soil Yemoved and disposed of to burial trench.

Water overflowed 107-F Basin after baffles broke loose Mixed activation
and plugged the outlet. General contaminaticn around products

the basin and along a narrow path to the river ranged

from 20,000 to 60,000 c/m with a maximum of 350 mrad/hr.

Baffle boards carried into the river read 14 mrad/hr.

Area covered with clean soil.

Removal of two ruptured fuel elements from the reactor 0.1 Ci gross Beta
resulted in release of particulate radicactivity with con-

centrations as high as 20 particles per 100 ft? in the north-

east corner of 100-H Area, Six particles were detected in

10,000 £t? atong the Wahluke Slope road. Particles

ware removed as Tocated.

Ground Tevel contamination occurred while 107-C Basin 50% Rare Earths

was empty for repair. Particulate contamination up to 5% 103, IOGR

50 mrad/hr coverad 20% of 100-B Area. No particles u

above 10 mrad/hr were found outside 100-B Area. Road- Traces of Sr, U, Pu

ways were water flushed and the concentrated activity
was removed te the burial ground.

A break in 107-B Basin flooded an area around the basin Mixed activation
with water reading up to 13 mrad/hr. Beta radicactivity products

of the mud was 10°* to 10”2 pCi/gm. Contamination was

confined to the vicinity of the basin, The arez involved

was covered with clean gravel.

Fire occurred in contaminated waste storage area of a A~ 0.7 €1 Pu
remotely located research facility, Fire spread to

chemical laboratory and exhaust filters. Contamination-

was confined to immediate vicinity of laboratory, Con-

taminated soil surfaces were covered with sand.

I1.1-8-27
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APPENDIX II.1-C, Part 2

HWaste Management Facilities

Tanks, Cribs, Ponds, and Burial Grounds
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Number

TABLE II.1-C-1

200 EAST AREA TANK FARMS AND FACILITIES ™

.

Description

A" Tank Farm Facilities

241-A

241-AX
247-AY
241-AZ

241-A-201
241-A-271
241-A-400
241-A-431
241-A-701
281-A-702

241-AX-801-A

241-pX-801-
241-AX-801-

241-AY-801
2707-A%

241-A-152
241-A-153

241-AX=153

241-AX-151,

241-AZ-151

241-AY-152
241-AZ-152

241-AY-151
241-A-501
241-AX-501
241-AY-501
241-AZ-501
241-A-417

"AR Vault"

B
c

152

facilities

244-AR

2707-AR
2714-AR
2802-AR
2901 -AR
2904-AR
291-AR
2708-AR
244-AR-701

6 Tanks: 103 gal each

4 Tanks: 106 gal each

2 Tanks: 105 gal each

2 Tanks: 10° gal each; (one complete, one
under construction

Emergency Cooling Water Storage Tank
Control House

Condenser House

Ventilation House (Standby)

Compressor House

Fan House

AX Farm Control House North

AX Farm Control House South

A¥ Farm Control House (Diverter House)
AY Farm Instrument House

Change House

Diversion Box
Transfer Box

Other structures include Ion Exchange Celumn,
Cooling Tower, Contact Condensers, Isolation
Jumper Pit, Emergency Water Well

Yalve Pit . ! N&
Diverter Stations -
Diverter Stations

Sluice Transfer Box
Siuice Transfer Box

Pump Out Pit

Condensate Valve Pit
Condensate Valve Pit
Condensate Valve Pit .
Condensate Valve Pit

Condensate Receiver and Pump Pit

Current Acid Waste Storage and Sludge Processing
Yault

Change House

General Storage

Steam Distribution Piping

Water Storage Piping

Process Sewer System

Exhaust Air Filter, Stack and Pienum

Laundry Storage

Emergency Generator Bldg.

e

I1.1-C-8




TABLE II.1-C-1 {Continued)

Number Description

"8* Tank Farm Facilities

241-8 12 Tanks: 533,000 gal each

4 Tanks: 55,000 gal each
241-BX 12 Tanks: 533,000 gal each
241-BY 12 Tanks: 758,000 gal each
241-BR, BXR, BYR - Waste Metal Recovery Facilities
241-8-701 Compressor House
241-BY-254 ITS No. 2 Control and Compressor House -
241 -BY-301 ITS No. 1 Control House
241-BY-302 ITS No. 1 Compressor House
2707-8Y Change House
242-B Aerosol Release, Corrosion Test Facility ——
252-BY Substation (13.8 kW)
244-BXR Waste Disposal Vault {Underground)

Diversion Boxes

241-8-151,152,153
242-8-152

241-8-252
241-BR-152
241-BX~153,155
241-BXR-151,152,153
241-BYR-152,153,154

ut* Tank Farm Facilities

241-C 12 Tanks: 533,000 gal each

4 Tanks: 55,000 gal each
241-CR~271 Control House and Gffice
241-C-801 Cesfum Load-Cut Buiiding
291-CR Stack and Filter
244-CR Waste Disposal Vault (Underground)
241-C-151,152,252 Diversion Boxes

241-CR-151,152,153

Stee) Tank Liner Specification(a)

Farm’ Steel Specification
241-A ASTM A283 Grade C
241-AX ASTM A201 Grade €
247-AY ASTM A515 Grade 60
241-AZ ASTM A515 Grade 60
241-8 ASTM A283 Grade €
241-BX ASTM A283 Grade C
241-8Y ASTM A283 Grade C

c

241-C ASTM AZ2B3 Grade

AY and AZ constructed liners were heat treated in piace
for stress relief,

(a) Equivalent current specifications for materials used.

11.1-C-9
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Number

TABLE 11.1-C-2

200 WEST AREA TANK FARMS AND FACILITIES

Description

"s" Tank Farm Facilities

241-5
241-5%
241-5Y
241.5X-281
241-5%-401
241-5X-402
241-8%-70
241-5x-27
2707-SX
242-5

2907 -SX
2902-5X

242-5-702
242-5-272

241-5-151
247-5X-151,152

"1 Tank Farm Facility

241-T

241-7X

241-TY
241-T-601
241-TR, TXR
242-T
244-TXR
241-T-701
242-TA

242-TB
241-7-151,152,153
242-T-151,152
241-TX-153,154,155
241-TY-153
241-TR-152,153
241-TXR~151,152,153

12 Tanks: 758,000 gal each

15 Tanks: 185 gal each

3 tanks: 106 gal each (under construction)
Emergency Cooling Water Pump House
Condenser House ENorth

Condenser House {(South

Compressor House

Control House

Change House

Evaporator Building

Water Storage Tank

Water Storage Tank

Vent{lation Turbine

Maintenance Shop

-Diversion Box

Diversion Box

12 Tanks: 533,000 gal each
4 Tanks: 55,000 gal each

18 Tanks: 758,000 gal each

6 Tanks: 758,000 gal each
Chemical Makeup

Waste Metal Recovery Facilities
Waste Evaporator
Waste Disposal Vault (Underground)
Compressor House
Yault

Ventilation and Filter Bldg.
Diversion Boxes
Diversicn Boxes
Diversion Boxes
Diversion Boxes
Diversion Boxes
Diversion Boxes

I1.1-C-10



TABLE II,1-C-2 (Continued)

Number Description

By" Tank Farm Facilities

241-4 12 Tanks: 530,000 gal each

4 Tanks: 55,000 gal each
241-UR Waste Metal Recovery Facilities
271-U-271 U Farm Control House
244-UR Waste Disposal Vault
241-U-701 Compressor House

241-11-151,152,163,252 Diversion Boxes
241-UR-151,152,153,154 Diversion Boxes
241-UX-154 Diversion Boxes

241-HR Thorium Nitrate Storage Vault

Steel Tank Liner Specifications(a)

Farm Stee] Specification
241-§ ASTM A283 Grade C
241-8X ASTM A283 Grade C
24-T ASTM A283 Grade C
241-TX ASTM A283 Grade C
241-TY ASTM A283 Grade C
241-U ASTM A283 Grade C (b)
241-8Y ASTM A516 Grade 60

(a} Equivalent current specifications for materials used.
(b) SY constructed liners were heat treated in place for
stress relief.

II.1-C-N



TABLE II.1-C-3

200 EAST AREA LIQUID WASTE DISPOSAL SITES

{2) No diversion through CY-1973

I1.1-¢c-12

{Cribs, Ponds, Ditches, Trenches, Pits, French Drains, etc.) N
Type of Bottom Area Use Dates
Construction Number Description rom o Status
PUREX PLANT - 244 SR Vault, A, AX, AY Tank Farms
c 216-A-1 Startup Waste 900 11/55 12755 Terminated
[ 216-A-2 Organic Waste 400 5756 1/63 Terminated -~ Replaced by A-31
¢ 216-A-3 203-A Silica Gel Waste 400 3/56 1/73 Inactive
C 216-A-4 Laboratory and Stack Drain 400 12/55 12/58 Terminated - Replaced by A-2]
C 216-A-5 Process Condensate 1,225 11/55 11/61 Inactive - Replaced by A-10
4 216-A~6 Steam Condensate 10,000 11/55 /70 Inactive
c 216-A~7 Gatch Tank Pump Pit Drain 100 11/585 - Active
c 216-A-8 Tank Farm Condenser Effluent 17,600 11758 - Active
¢ 216-4-0 Fractionator Condenser Effluent
and N Reactor Decontamination
Waste 8,400 3/56 8/69 Terminated
C 216-A-10 Process Condensate 12,375 11761 - Active
FD 216-A-1 Trap Pit No. 1 Drain (French Dr) 30 in. diam  11/55 - Active
D 216-A-12  Trap Pit No. 3 Drain {French Dr}) 30 in, diam 11/55 - Active
FD 216-A-13 Air Sample Vacuum Pump Seal
Drain (French Br) 2 ft diam 11/55 - Terminated
FD 216-A-14 Vacuun Cleaner Pit Drain
{French Dr) 30 in, diam 11/55 1773 Inactive
FD 216-A-15 Prop. Sampler Pit Ko. 5 Drain
(French Dr) 2 ft diam 11/55 - Active
FD 216-A-16 241-A Deentrajimment Floor (Brain) 4 ft diam *1/56 3/69 Inactive
FD 216-A-17 Overflow from A=-16 4 ft dism 1/56 3/69 Inattive
c 216-A-18 Startup Waste 6,400 11/55 12/55 Terminated
[ 216-A-19 Startup Waste 625 11/55 12/55 Terminated
C 216-A-20 Startup Waste 625 11/55 12/55 Terminated
C 216-A-21 RH4 Scrubber and Stack Drainage . 960 10/57 6/65 Terminated
FO 216-A-22 203-A Con, and Floor Drain 6 ft diam 11755 1/73 Inactive
FD 216-A-23A  241-A Fan House Drain 42 in, diam 1957 3/69 Inactive
FD 216-A-238  Overflow from A-23A 42 in, diam 1957 3/69 Inactive
c 216-A-24 Tank Farm Condenser Effluent 28,000 5758 1/66 Inactive
Pd 216-A-25 Cooling Water {(Gable Mt. Pond) 71 acres 12/57 - Active /
FD 216-A-26A  Fan Control Room Dratn 3 ft diam 3/59 7/65 Terminated
kb 216-A-26B 291 Fan House Drain 4 ft diam 3/59 6/73 Terminated
c 216-A-27 Lab, Scrubber and Stack Drain 2,000 6/65 7770 Inactive
FD 216-A-28 203-A Floor Drainage 10 ft diam 12/58 11/67 Terminated
D 216-A-29 Cooling Water and Chemical
Waste Ditch 39,000 11/55 - Active
c 216-A-30 Steam Condensate 14,000 1/61 - Active
[ 216-A-31 Organic Waste 700 1763 1/65 Inactive
C 216-A-32 E. Crane Maint. Plat, Floor
Drain 560 1/59 - Active
FD 216-A-33 291-A Stack Exhaust Fans Bear-
ing Cocling Water 6 ft diam 11/55 7/64 Terminated
D 216-A-34 241-A Condensate Cooling Water 12,300 11/55 12/57 Terminated
FD 216-A-35 Vacuum Pump Seal Water 6 ft diam 12763 1766 Terminated
C 216-A-36A Ammonia Scrubber Waste 1,100 9/65 3/66 Terminated
c 216-A-36B  Ammonia Scrubber Waste 5,500 3/66 8/72 Inactive
c 216-A-37 Steam Condensate 7,000 Kot Used Inactive
c 216-A-38 Process Condensate 7,800 Noi Used Tnactive
4 216-A-39 241-AX-80t Building Drain 360 6/56 &N Inactive
T 216-A~40 244-AR Vault Cooling Water -
Emergency Diversion 8,000 1/68 - Inactivel2)
C 216-A-41 216-A-13 Stack Drainage 100 1/68 Active
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TABLE 11.1-C-3 (Continued)

I1.1-¢C-13

Bottom Area Use Dates
Number Description 12 From To Status
216-8-1 Hot Built N
216-8:2 Cooling Water and Chemical
Sewer Ditch 24,570 4745 - Active
216-B-2-1 Cooling Water, Chemical
{-2£) Sewer Ditch 19,980 3/70 11/70 Terminated
216-8-2-2 Looling Water, Chemical
(-2u) Sewer Ditch 14,200 3/70 5/70 Terminated
216-8-3 Cooling Water and Chemical
Sewer Ditch 46 acres 4745 - Active
216-B-4 292-B Floor Drainage 8 in. dfam 4745 12749 Terminated
216-8-5 224-8 and 5-6 Waste 8 in. diam 4/45 10/47 Terminated
216-8-6 222-8 Waste 8 in. diam 4745 12/49 Terminated
216-B-7A 224-B Waste and 5-6 Cell Drain 196 9/46 5/67 Terminated
216-B-78 224-8 Waste 166 10/46 5/67 Terminated
216-B-8 224-B, 5-6 and 2nd Cycle Waste 1,344 1945 1952 Terminated
216-8-9 6«8 and 2nd Cycle Waste 864 B/48 7/51 Terminated
216-B~10A  252-8 Floor Drajnage 156 12/49 - Active 1967
216-B-108  221-BC Decon. Waste 196 6/69 10/73 Inactive
216-B8=-11A%B 242-8 Condensate 4 ft diam 12451 12/54 Terminated
216-B-12 U and B Plant Process Condensate 3,000 ' 11/62 11473 Inactive
216813 291-B Stack Orainage 4 ft diam 4745 - Active
216-8-14 U Plant Scavenged Waste 1,660 1/56 2/56 Terminated
216-B-15 U Plant Scavenged Waste 1,600 4/56 12/57 Terminated
216-B-16 U Plant Scavenged Waste 1,600 4756 8/56 Terminated
216-B-17 Tank Farm Scavenged Waste 1,600 1/56 1/56 Terminated
216-B-18 I Plant Scavenged Waste 1,600 3/56 4756 Terminated
216-8-19 U Plant and Tank Farm Scavenged
Waste . 1,600 2/57 190/57 Terminated
216-8-20 U Plant and Tank Farm Scavenged
Haste 5,000 8/56 9/56 Terminated - Backfilled
216-8-21 U Plant and Tank Farm Scavenged ’
Waste 5,000 9/56 10/56 Terminated - Backfilled
216-8-22 U Piant and Tank Farm Scavenged
Waste 5.000 10/56 10456 Terminated - Backfiiled
216-8-23 U Plant and Tank Farm Scavenged
Waste 5,000 10/56 10/56 Terminated - Backfilled
216-B-24 U Plant Scavenged Waste 5,000 10/56 11/56 Terminated - Backfilled
216-8-25 U Plant Scavenged Waste 5,000 11/56 12/56 Terminated « Backfilled
216-B-26 U Plant Scavenged Waste 5,000 12/56 2/57 Terminated - Backfilled
216-B-27 U Plant Scavenged Waste 5,000 2752 4457 Terminated - Backfilled
216-8-28 U Plant and Tank Farm Scavenged ,
Waste 5,000 4757 6/57 Terminated - Backfilled
216-8-2% U Plant Scavenged Waste 5,000 6757 7157 Terminated - Backfilled
216-8-30 U Plant and Tank Farm Scavenged
Waste 5,000 7757 7/57 Términated - Backfilled
216-8-31 U Plant and Tank Farm Scavenged
’ Waste 5,000 1/57 8/57 Terminated - Backfilled
216-8-32 U Plant and Tank Farm Scavenged
Haste 5,000 8/57 9/57  Terminated - Backfilled
216-8-33 U Plant and Tank Farm Scavenged
Waste 5,000 9/57 10/57 Terminated - Backfilled
216-8-34 U Plant and Tank Tarm Scavenged
Waste 5,000 10757 10/57 Terminated - Backfilled
216-B-35 15t Cycle Supernatant - 221-B 2,520 2/54 3/54 Terminated - Backfilled
216-8-36 1st Cycle Supernatant - 221-B 2,520 3/54 4754 Terminated ~ Backfilled
216-8-37 Evaporator Bottoms - 242-B 2,520 8/54 8754 Terminated - Backfilled
216=-B-38 1st Cycle Supernatant - 221-B 2,520 7/54 7/54 Terminated - Backfiiled
216-8-39 Ist Cycle Supernatant - 221-8 2,520 12/53 11/54 Terminated - Backfilled
216-B-40 1st Cycle Supernatant - 221-8 2,520 4754 7/54 Terminated - Backfilled
216-8-41 1st Cycle Supernatant - 221-B 2,520 11/54 11/54 Terminated - Backfilled
216-8-42 U Plant Scavenged Waste 2,520 2/55 3/56  Terminated - Backfilled
216-B~43 U Plant Scavenged Waste 900 11454 11/54 Terminated
216-8-44 U Plant Stavenged Waste 500 12/54 3/55 Terminated
216-8~45 U Plant Scavenged Waste 900 4/55 6/55 Terminated
216-8-46 U Plant Scavenged Waste 900 9755 12/55 Terminated



Type of
Gonstruction

216-B-47
216-B-48
216-B-49
216-B-50
216-B-51

216-B-52
216-B-53A
216-B~-538
216-B-54
216-B-55

216-8-56
216-B-57
216-B-58
216-B-59

216-B-60
216-B-61

216-B-62
216-8-63

MOOOn
o

OO O AdO0 O

Rumber

TABLE 11.1-C-3 {Cohntinued)

SEMIWORKS AND CRITICAL MASS LABORATORY

c 236-C-1

RW 216-C-2
216~C-3
216-C-4
216-C-5

216-(-5
216-C-7
216-C-8
216-C-9
216-C-10

o000

[T X x Xl
ac

200 NORTH AREAS

RW - reverse well

Pd 216-N-1
T 216-H-2
T 216-K-3
Pd 216-N-4
T 216-N-5
P 216-K-6
T 216-N-7
C ~crib D - ditch
Pd - pond T = trench
Pt - pit D - freach drain

{a} Ko diversion throwgh CY-1973

11.1-c-14:

Status

Bottom Area Use Dates
pascription fte From 0

U Plant Scavenged Waste 900 9/55 9/55
U Plant Scavenged Waste 900 11/55 7/57
U Plant Scavenged Waste 500 11/55 12/55
ITS Ko. 1 Condensate 900 1/65 -
Pipe Line Drain BC Crib ° 5 ft diam /56 1/58
Tank Farm Scavenged Waste 5,800 12/57 1/58
HLO Waste From 300 Area 600 10/65 11/65
HLO Waste From 300 Area 1,500 11762 3/63
HLO Waste From 300 Area 2,000 3/63 10/65
B Plant Steam Condensate 7,500 9/67 -
B Plant Organic Waste 700 Never Used
ITS No. 2 Condensates 3,000 12/67 -
300 Area Waste ' 2,000 11/65 6/67
B Plant Cooling Water Diversion

{Emergency 8,000 12767 -
Cell Brajn Cleanout 8 ft diam 11/67 11/67
ITS Ko, 1 Condensate 1,750 Not Used
B Plant Process Condensate 5,000 173 -
B Plant Chemical Sewer Ditch 5,000 3/70 -
201-C Process Condensate and

Waste 184 1/53 6/57
291-C Stack and Filter Drain .12 in. diam 1/53 -
271-C Chemical Waste 500 1/53 3/54
276-C Organic Waste 200 7/55 £/65
201-C High Salt Waste 200 3755 6/55
241-CX Waste Storage Cond. 200 9/55 9/64
250-EF Critical Lab Waste 400 §/61 -
271-CR Jon-Exchange Waste ! 6 ft diam 6/62 6/65
“C-Area Cooling Water Pond 80,000 6/53 -
Strontium Semiworks Process

Condensate 160 11/64 10/69
212-N Basin Overflow Pond 50,000 /44 5/52
212-K Basin Cleanout Trench 500 347 447
212-N Basin Cleanout Trench 500 5/52 6/52
212-P Basin Overflow Pond 100,000 9744 6/52
212-R Basin Overflow Trench 1,200 5/52 6/52
212-R Basin Overflow Pond 75,000 9/44 6/52
212-R Basin Cleanout Trench 1,200 5/52 6/52

Terminated
Terminated
Terminated
Active

Terminated

Terminated - Backfilled
Terminated - Backfilled
Terminated - Backfilled
Terminated - Backfilied
Active

Active
Terminated - Backfilled

Inactive{2)
Terminated

Inactive
Active
Active

Terminated
Active
Terainated
Inactive
Inactive

Terminated

Active

Terminated

Active {209-E only)

Inactive

Terminated - Backfilled
Terminated - Backfilled
Terminated - Backfilled
Terminated - Backfilled
Terminated - Backfilled
Terminated - Backfilled

Terminated - Backfilled

i 1 ¢



TABLE II.1-C-4

200 WEST AREA LIQUID WASTE DISPOSAL SITES
{Cribs, Ponds, Ditches, Trenches, Pits, French Drains, etc.)

Type of Bottom Area Use Dates
Construction Number Description ft2 rom o Status

REBOX PLANT, 222 Laboratory, 242-S

[ 216-5-1 D-2 Process Condensate 1,800 1/52 1/56 Terminated - Replaced by S-7
[ 216-5~2 Overflow from S-1 1,800 1752 1/56 Terminated - Replaced by S5-7
c 216-5-3 241-5 TK 101 and 104 Condensate 100 8/53 8/56 Terminated
FO 216~-5-4 - Z241-5 TK 101 and 104 Condensate 30 in. diam 8/53 B/56 Terminated
c 216-5-5 Steam Condensate - Cooling Water 44,100 3/54 3/57 Terminated - Replaced by §-6
C 216-5-6 Steam Condensate - Cooling Water 44,100 11/54 /72 Inactive
c 216-58-7 D-2 Process Condensate . 5,000 1/56 7/65 Terminated
T 216-5-8 Startup Waste 6,000 11/81 2/52 Terminated - Backfilled
[ 216-5-9 D-2 Process Condensate 9,000 7/65 1769 Terminated
D 216-5-10  Ditch to $-11 Pond 13,500 2/54 - Active
Pd 216-5-10 202-5 Chemical Waste Pond 5 acres 5754 7/72 Inactive
Pd 216-5-11 202-S Chemical Sewer Pond 1/5 acres 5754 - Active
T 216-5-12 291-5 Stack Wash Water 1,800 7/54 1754 Terminated - Backfiiled
C 216-5+13 Organic Waste and 204-5 Sump Waste 1, 7300 1752 7172 Inactive
T 216-5-14 Organic Startup MWaste 800 12/51 1/52 Terminated - Backfilled
Pd 216-5=-15 241-5 TK 110 Condensate 175 12/51 10/52 Terminated « Backfilled
D 216-5-16 Process Cooline Water Ditch 6,500 9756 71z Inactive
Pd 216-5~16 , Process Cooling Water Pond #2 31 acres 9/56 - Active
Pd 216-5-17 Process Cooling Water Pond #1 17 acres 3/52 4/54 Terminated - Covered
T 216-5-18 Steam Cleaning Pit 1,500 10/54 10/54 Terminated - Backfilled
Pd 216-8-13  222-3 Cooling Water (Pond) 3.5 acres 2/52 - Active
[ 216-8-20  222.5 Waste 3,600 3/52 5173 Inactive
C 216-5=21 241-5X Condersate 2,500 11/54 12/70 Inactive
[ 216-5-22 293-§ Caustic Scrubber Waste 350 10/57 6/67 Terminated
c 216-5-23  Process Condensate’ (D-2) 3,600 1/69 772 Inactive
c 216-5~25 242.5 Process and Steam Condensate 5,750 10473 - Active
T_PLANT, 242-T EVAPORATOR

s] 216-T=1 Steam Heater Condensate - Ditch 5,475 11 /44 - Mtive
RW 216-T-2 222-T Lab Waste 3 im. diam 1245 5150 Terminated
AW 216-T-3 224-T and 5-6 Waste 8 in. diam 6745 8745 Termxinated
D 216-T-4 Cooling Water Ditch 6,800 11744 - Active
Pd 216-T-4 Cooling Water Pond 2.5 acres 11/4%4 - Active
T 216-T-5 2nd Cycle and 112-T Waste 500 5455 5755  Termimated
c 216-T-6 224-T and 5-6 Waste 1,260 B/ 46 6/51 Tarminated
[ 216-1-7 224, 5-6, and 2nd Cycle Waste 26,200 4743 11/55 Terminated
| 216-T-8 222-7 Lab Waste 1,260 5750 9/57 Terminzted
T 216-T-9 Equip. Decontamination Waste

(Trench) 500 2/51 3/54 Terminated -~ BackfilTed
T 216-T-10 Equip. Decontamination Waste

(Trench) 500 6/51 3/54 Terminated - Backfflled
T 216-T-11 Equip. Decontamination Waste

(Trench) 560 B751 k71.1.4 Terminated - Backfilled
Pt 216-T-12 Retention Basin Sludge (Pit} 150 11/54 11/54 Terminated - Backfilled
Pt 216-T-13 Equipment Decontamination Pit 400 6/54 6/64 Terminated - Backfilled
T 216-T-14 15t Cycle Supernate Waste (221-T)} 2,200 1/54 T/54 Teeminatad -~ Backfilled
T 216-T-15 - 1st Cycle Supernate Waste (221-T} 2,400 1754 2/54 Terminated - Backfilled
T 216-T=16 1st Cycle Supernate Waste (221-T} 2,300 2/54 2754 Terminated - Backfilled
T 216-T-17 1st Cycle Supernate Waste (221-T) 2,400 2/54 6/54 Terminated
Pt 216-7-18 Scavenged Waste Supernatant (221-T} 100 11753 11/53 Terminated - Backfiiled
[ 216-T-19 242-T Process & Steam Condensate 33,200 951 Active
Pt 216-7-20 155 TX Catch Tank Waste (Pit) 100 11/52 11752 Terminated - Backfilled
T 216-T=21 1st Cycle Supernate Waste {221-T) 2,400 6/54 8754 Terminated - Backfilled
T 216-T-22 15t Cycle Supernate Waste (221-7) 2,400 7/54 8754 Terminated - Backfilled
T 216-T-23 1st Cycle Supernate Waste EZZ'I T; 2,400 7754 8/54 Terminated. - Backfilled
T 216-T-24 1st Cycle Supernate Waste (221-T) 2,400 8/54 8/54 Terminated - Backfilled
T 216-7-25 242-T Evaporator Bottoms 1,800 9754 9/54 Terminated - Backfiiled
c 216-T-26 Scavenged Waste Supernatant (221-T) *900 8/55 11/56 Terminated - Backfilled
c 216-T-27 300 Area LOB Waste 906 9/65 11/65 Terminated
c 216-T-28  223-T Decontamination Waste 900 2/60 12/66  Terminated
D 216-T-29 Sand Filter Drains 5,280 3/49 3764 Inactive

I1.1-C-15



TABLE 11.1-C-4 {Continued)

__Use Dates

To

7/83
2/62
§/52
2/63
3/67

12/67
12/68

6/67
&6/67
8/55

/10
3752

3/82
6/57

4460
4/54

7/55

3/56
5/55

3/59
4/69
3/89
4/69
6/52
5/66

3/59

6/45
2/47
6/45
2/67
&/62

6/62
6/45
5/7
5/73

2/68
5/73

- reverse wall

Type of Bottom Area
Construction Humber Description ft2 From
216-7-30 TK~154 Diversion Box SpiTl 14,400 7/53
FD 216-T-31 247-TX French Drain 36 in. diam 10/54
c 216-7-32 224 T Waste 950 11/46
c 216-7-33 2706-W Building Waste 150 1763
C 216-T-34 300 Area Waste 6,000 5/66
¢ 216-T-35 300 Area Waste 4,500 3/67
c 216-T-36 221-T, 221-U Miscellaneous Waste 1,600 6/67
U PLANT
[ 216-U-1 224-U Waste 196 3/52
c 216-U-2 Overfiow from U-1 196 3/52
FD 216-1-3 2481-U0 TK 110 Condensate 72 in diam 5754
R 216-U-4,4A,
48 222-U Laboratory Waste 6, 36 and 36 in. diam 3/47
T 216-U-5 Startup Waste - 221-U 400 3/52
T 216-U-6 Startup Waste - 221-U 750 3/52
FD 216-U-7 221-U Counting Box Floor Drainage 30 in. dfam 3/52
c 216-U-8 221-U, 224-U Process Condensate
and 291U Stack Drainage 8,000 6/52
D 216-y-9 Cooling Water and Chem?ca1'waste
Ditch (U-10 Pond Qverflow) 19,800 3/52
Pd 216-0-10 Cooling Water and Chemical
Waste Pond 22 acres 7744
D 216-U-1 Overflow from U~10 Pond
{01d Ditch) $,000 11744
D 216-u-1 Overflow from U-10 Pond
{Hew Ditch) 17,200 7/58
o 216-u-12 224-U) Process Condensate and
291-U+1 Stack Drainage A 1,000 4760
T 216-1-13 241-UR Steam Cleaning Waste 8,000 3752
D 27 6-0-14 Laundry Ditch to U Pond 44,800 7744
Pt - 216-U-15 Contaminated Solvent (Pit) 400 5755
Z PLANT -
D 216-2-1 231.2, 234-5 Cooling Water Ditch 17,000 12744
C 216-7-1 D-6 Waste 196 6749
c 216-Z-1A Overflow from Z-1, 2 and 3 26,000 6/49
Reclamation Waste B6/64
c 216-2-2 D-6 Waste 196 6/49
Reclamation Waste 6/52
216-2-3 D-6 Waste 350 6/52
Pt 216-7-4 231~ Lab Waste 100 6/45
¢ 216-1-5 231-7 Proc. Maste 1,120 6/45
c 216-2-6,6A 231-Z Proc. Nas%e 300 6/45
C 216-2-7 231-Z Lab Wastel2) 1,400 2/47
FD 216-2-8 Recuplex Waste 36 in, diam. 7/55
[ 216-21-9 Recuplex CAW Waste 1,800 71/55
w 216-7-10 231-7 Maste 6 in. diam 2/45
D 216-7Z-11E  Cooling Water Ditch 10,680 6/49
[ 216-2-12 D-6 Waste 6,000 3/59
FD 216-2-13 234-5 Tunnel Drain 36 in, diam 6/49
FD 216-1-14 Evaporator Cond. Water 36 in. diam 6/49
FD 216-7-15 Evaporator Cond. Water 36 in, daim 6/49
C 216-7-16 231-2 {BNM) Process waste 1,800 3/68
T 216-2-17 231-Z pitch 3,000 2767
c 216-2-18  High Salt Waste 10,350} 4769
[ 216-2-19 234-5, 231-7 Cooling Hater
and Condensate 10,700 8471
{a) 2 cribs in paraliel £ - crib D - ditch RY
{b) S5 cribs in parallel; two not used Pd - pond T - trench

Pt - pit FD - french drain

11.1-C-16

Status

Terminated - Covered
Terminated - Replaced

Terminated
Terminated
Terminated

Inactive
Inactive

Terminated
Terminated
Terminated

Terminated
Terminated

Terminated
Terminated

Terminated
Terminated
Active

Terminated
Active

Active
Terminated
Active
Terminated

Terminated
Terminated

Backfilled

Backfilled

Replaced by U-12
Backfilied

Backfilled

Backfilled
Backfilled

Backfiiled

Replaced by Z-12

Terminated

Replaced by Z-3

Terminated

Replaced by I-12 - Terminated

Terminated - Backfitled
Replaced by 2-7 Terminated

Terminated
Terminated
Terminated

Terminated

Replaceg by Z-5 Terminated
Terminated - Backfilled

Inactive
Active

Active
Active
Active

Terminated - Backfilled

Inactive

Active



200 EAST AREA ]
DRY RADIOACTIVE WASTE BURIAL GROUNDS
Burial
. Ground
Number Description Degignation Status
218~E-1 Dry Waste Burial Grounds 1 Inactive
218-E-2 Industrial Burial Grounds 2 Inactive
218-E-2A Regulated Equipment Storage Site 2A Inactive
218-E-4 Mirior Construction Burial Grounds 4 Active
218-E-5 Industrial Burial Grounds 5 Inactive
218-E-5A Industrial Burial Grounds 5A Inactive
218-E-7 Vault (Behind 222-B) Inactive
218-E-8 Construction Waste Burjal Grounds Inactive
218-E-9 Regulated Equipment Storage Site: Active
218-E-10 Industrial Waste Burial Grounds Active
218-E-12A Dry Waste Burial Grounds (North) 12 Active
218-E-12B  Dry Waste Burial Grounds (South) 128 Active
218-E-13 Solid Waste Disposal Site
{Contaminated Concrete) Inactive
218-E-14 Failed Equipment Disposal Tunnel
(Purex) 1 Inactive
218-E-15 Failed Equipment Disposal Tunnel '
(Purex) . 2 Active
TABLE IX.1-C-6
200 WEST AREA
DRY RADICACTIVE WASTE BURIAL GROUNDS
Buriai
Ground
Number Description Designation Status
218-W-1 Dry Waste Burial Grounds 1 Inactive
218-K-1A Industrial Waste Burial Grounds 1 Inactive
218-H-2 Dry Waste Burial Grounds 2 Inactive
218-U-2A Industrial Burial Grounds 2 Active
218-4-3 Dry Waste Burial Grounds 3 Inactive
218-“-3A Dry Waste Burial Grounds 3A Active
218-Y-4A Dry Waste Burial Grounds 4A Inactive
218-W-48 Dry Waste Burial Grounds 4B Active
218-W-4C Dry Waste Burial Ground 4C Active
218-W-7 Yault South of 222-$ Inactive
218-4-8 Vault South of 222-T Inactive
218-U-9 Dry Waste Burial Grounds Inactive
218-H-11 Regulated Equipment Storage Site Active

II.1-C-17
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APPENDIX II.1-C, Part 3

Details of 200 Fast Area Facilities and QOperations

II.1-C-19




I1.1-C, Part 3 Details of 200 East Area Facilities and Operations

The flowchart of Figure I1.1-C-3 depicts the transfer of waste generated in the Purex processing N
of N Reactor fuels. The fractionization of stored waste in B Plant requires the siuicing of
tank farm siudges and the 1jquid waste transfers schematically depicted in Figure II.1-C-4.

Fuel Précessing - Pyrex Plant

The irradiated fuel separation processes of Purex Plant yield waste streams which are routed to
various processing and disposal sites. Figures II.1-C-5 and II.1-C-6 identify the waste streams
produced by the Purex Plant and their destination, when Purex is both in operation and in
standby status. Liquid waste tines emanating from the Purex Plant are shown in Figure II.1-C-7.
They are described in Table II.1-C-7.

Waste Fractionization (B Plant) and Waste Encapsulation and Storage Facility (WESF)

The waste fractionization and encapsulation and storage activities of B Plant and WESF yield
waste streams which are routed to varjous processing and disposal sites. Figures [I.1-C-8 and
I1.1-C-9 {identify the waste streams produced in B Plant and their destination, when B Plant is
both in operation and in standby status, Figure II.1-C-10 identifies waste streams produced
in the waste encapsulation storage facility.

Liquid waste 1ines emanating from B Plant and the WESF are shown in Figure II.1-C-11. They are
described in Table 1I.1-C-8. Lines used in the transfer of stored waste for fractionization

are shown in Figures II.1-C-12 and II.1-C-13, and are described in Tables II.1-C-9 and II.1-C-10.
The 244-AR vault has an active role in waste processing and transfer operations. Input/output
diagrams for vault activities are shown in Figures II.1-C-14, II.1-C-15, and II.1-C-16 for pro-
cessing current acid wastes and acfdified sludge, and standby.

Boiling Waste Storage Facility Effluents

Liquid waste lines used to dispose of process condensate and condenser cooling water are shown
in Figure I1.1-C~17. They are described in Table II.1-C-11.

In-Tank Selidification - 200 East Area

Inter and intratank farm lines used for ITS processes in B, BX and BY tank farms are shown in
Figures II,1-C-18 and II.1-C-19. The lines are described in Tables II.1--12 and I1.1-C-13.
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WAS " ASSUMES PROCESSING OF
20,%) Bilkun 5 lla)T(S alx'rz'rmx SOLIDIFIABLE 1000 /YR N REACTOR FUELS
1 RUNIDAY "CEARMS SUPERNATE {10 TIDAY-INSTANTANEOUS RATD

CESIUM 2000 AREA
10 TRANSFERS 4| C-TANK FARM
STORAGE NON BOILING WASTE .

500 GAL/BATCH
2 BATCHES/DAY

SUPERNATES FOR CESIUM REMOVAL SUPERNATES

P o oy BT TT7Y

B PLANT 10 T0 50,000 GALIRUN

- - 1-RUN/1 OR 2 DAYS
NEUTRALIZED

HIGH-LEVEL WASTE | A, AX,AY,AZ

BAICH TANK FARMS
~5 BATCHES/DAY

T—F
i
2500 GAUBATCH ) rde-a
TEATCHIGAY | AR VAULT Lotatzaf*
]
Np CFFSITE " HIGH-LEVEL WASTE e
2500 GALBATCH .=
t o PLANNED EVAPORATOR
To 2004 AREA U+ LABORATORY, DECLAD AND
VIATRUCK PUREX ORGANIC WASH WASTE
— 4,000 GALIBATCR
| N REACTOR 5 BATCHES /DAY
FUEL

FIGURE I1,1-C-3 TYPICAL PROCESS SOLUTION TRANSFERS 200 EAST AREA -
N FUELS PROCESSINGi2

TO AND FROM
200 W AREA
PUREX SUMP WASTE
1X LOADLNG WASTE | 11S-L2 SQLIDIFIABLE SLURRY 4,000 GAL/BATCH
B, BX, BY TANK 1 BATCHIMO
FARMS
1X FEED
10 T0 50,000 GAURUN
1 RUN/L OR 2 DAYS CTANKFARM Lo SOLIDIFIABLE SLURRY
ACIDIFIED SLUDGE i
2,500 GALIBATCH
2 BATCHES/DAY
B FLANT ACIDIFIED SLUDGE
16,000 GALIBATCH | CR VAULT LXFEED
1 BATCHIZ DAYS
SLUDGE WASH AAX,AY,AZ
10,000 GALIBATCH | TANK FARMS
1-BATCHIDAY -
[ . N
NEUTRALIZED WASTE —1 HE S AL
4,000 GALIBATCH Lol 202-A1
3704 BATCHIDAY { "f.“iLI R
T " ASSUMES PROCESSING OF
16 HOURSIRUN 200,000 GAL SLUDGEYR

1-RUN/2 DAYS

FIGURE 11.1-C~4 TYPICAﬂ PROCES? ?OLUTION TRANSFERS 200 EAST AREA -
PAS PROCESSING\A |
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ESSENTIAL SANITARY

RAW -

MATERIALS ) | WATER STEAM ] WATER MR

IRRADIATED [ | { 1
R EETABLE 11, 1F L6x108 8.3x108 3.6x107 Laxpll
- SEETABLE ML 15 caipvp #YR GALIYR FI3YR
ASSUMES J000TIYR OF N , ! ! ] UNH VIA
REACTOR FURLS " NONRADIOACTIVE INPROCESS RADIOACTIVE MATERIALS [~ TANK TRUCK
INPROCESS U0, PLANT
SOLIDS GASES LQUIDS
U - 20 TONS NONE  "U = 100 TONS :
SOLIDS: NONE
: . Pu-25 KGS Pu-130KGS Pu VIA TRUCK
BOILING |20 GALT 905 p-1x105 Ci NS4S Cl = 2 PLANT
WASTE LIQUIDS: 30VOLs TBp INNps  (SCLXITLCT 13,
20,000 GAL HNO3 {509 oo Cs-1xl2 G s-dx
l 25 000 GAL 952 r-Nb-5x105 CI 957 r-Nb-2x106 C
g 4ce-1x106 é:dl 144ce-ax106 6:41
0 B PLANT _ ) Ru, TOT-3x104 Ci Ry, TOT-9x10 Ci ,
VIA AR VAULT ° GASES:  NONE BTnp-0.2 K6 Znp-1K6 e Np OFFSITE

Qg‘d“s%'g“ NONBOILING| | PROCESS { | CHEM steam | [EILEREY | cooLing

WASTE CONDENSATE | | SEwer | |cONDENSATE WATER
WASTE GAS

206-A-36-B c 206-A-10  206-B-3  216-A-30  ATMOSPHERE  216-A-25

CRIB TANK FARM CRIB POND CRIB POND

FIGURE 11.1-C-5 PUREX PLANT INPUT-OUTPUT DIAGRAM (OPERATING N FUELS)(a)

SANITARY RAW
WATER WATER STEAM AIR
5x107 5.7lx103 uxlms 1.2!&1011
GAUYR GALYR VR FI3YR
3+ _ l 4 |
NONRADIOACTIVE
INPROCESS INPROCESS RADIOACTIVE MATERIALS
SOLIDS: NONE SOLIDS  GASES SOLUTIONS
LIQUIDS: 30 VOL% TBP INPH -
30,600 SAL Hit NONE NONE U -<1TON
(50%1 15, 000 GAL PU - <250 GNS
GASES: NONE
soﬂ??ms PROCESS STEAM PILTERED | | cootne | | cuem
O hort. | | CONDENSATE | | conpensate| | PHAZTRT| | wATER | | SEWER
0 C FARM  216-A-10 216-A-30  ATMOSPHERE 216-A-25  716-8-3
CRIB CRIE POND  POND

FIGURE I1.1-C-6 PUREX PLANT INPUT-OUTPUT DIAGRAM (STANDBY)
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Vs

DIVERSION BOX

~&775 FEET
TO 221-8 FACILITY
B PLANT

0 20 40 600 B0
e ey
FEET

216-A~10CRIB

202-A FACILITY
PUREX PLANT

A-C

UL-AZ
TANK FARM

oo

241-AY
TANK FARM

2U1-A%-151

-~ 739 FEET
TO 26-A-Z POND
GABLE MI.PONO

7

PUREX CURRENT ACID WASTE
B PLANT NEUTRALIZED HIGH-LEVR. WASTE—
PROCESS CONDENSATE:
STEAM CONDENSATE
AMMONIA SCRUBBER WASTE
216-A-2 CATCH TANK WASTE
COOLING WATER
CHEMICAL SEWER
REACTOR FUEL DECLADDING WASTE ———— ¢
ORGANIC WASH WASTE —————.

SUMP WA STE

LABORATORY WASTE ~——~
RON-BOILING WASTE 13
NON-BOILING WA STE— —- U
PROCESS CONDENSATE SAMPLE PITDRAIN—

OB wa Sh AN B Gl B e

——

-1
12

TO 216-B-3 POND

\ H1-ATK-201
-

2

216-A-368 CRIB

B PLANT POND
ZL6A-29DITCH

L A6-A-30CRIB

FIGURE 11.1-C-7 202-A FACILITY PUREX PLANT ACTIVE WASTE TRANSFER LINES

Funetfen

Description

TABLE II.1-C-7
PUREX PLANT ACTIVE WASTE TRANSFER LINES

Cathedic Protection

Current Acid Wiste to
B Plant via Z44-AR Yeult

High-Level Waste § Plant
to &Y and AZ Tanks via
244-AR Yault

Process {ondensate to
216=A-10 Crib

Steas Condensate

to 216-A-30 Crit

Kiy Scrubber Waste
to 216-A-368 Crib
216-A=2 Catch Tank into
Purex

Cooling Water to
216-A-25

{Gable Mt} Pand

Chemical Sewer to
216-8-3 Pond
Decladding Waste to

C Farm Tank 104
Orpganic Wash Kaste to
C Farm Tank 04

Sump Waste to € Farm
Tank 04

Lab, Waste to C Farm
Tank 104

€ Farm Tank 164 to
241-C-151 Diversicn Box
{ronboilfng waste)
Nonboiling Maste,
241-C-151 to 241-B-154
Diversion Boxes

Process Condensate
Sampie Pit to 216-A-5

3 in., Stainless Steel
{schedule 10)

3 in,, Stainless Steel
{scheduie 10)

8 in,, Stainless Steal
{scheduie 5)

16 in., Steel {schedule 40)

6 in., Stainless Steel to

4 in,, Stainiess Steel
{schedule 10)

30 in,, Steel (Schedule J0);

30 in. extras-strength

vitreous clzy; 30 to 42 in,

i4 gauge corrugated metal
12 in., ¥itreous Clay

3 in., Stafnless Steel
{schedules 10 and 4D}

1 in,, Stainless Steel
{schedules 10 and 40}
3 in., Stainless Steel
{schedules 10 and 40}
3 tn., Suainless Steel
{schedules 10 and 40)

3 in,, Stainless Stee)
{schedule 40}

3 in., 1) ghuge
18-8 (olembian
Stainless Steel

4 fn., Stasniess Steel
{schedule 40)

Hot Required

Not Required

Yes

Not Required;Coated
and Wrapped

Yes

Yes

Hot Required

Hot Required
Partial
Partial
Fartial
Partial

Yes

Yes

Yes

I1.7-C-23

Secondary Containment

Buria) Depth (feet} Age (ysar

Concrete 8120 7 to 23
ﬁncreu; with Line 5t 20 0 to 23
Ko 25 n
Ho St 25 5 w19
Ko N to 21 9

4 to 20 6 to 19
L] 2113 i6
Concrete: Partial 6§t 13 3
Concrete; Partial 9 te 19 7 to 20
Concrete: Partia) 9t 19 7 to 20
Loncrate; Partial 9 to 19 7 to20
Concrete; Partial 9 to 19 7to0
Ho 2 to 12 3
o 5t l0 7

.

Ho ’ 34 20




INPUTS

FEED FED °,R FEED RAW stean| | veW SAN ESSENTIAL N
ENCPSL (PASI ™~ 1 Lo IPsS1| | WATRR ) AR WATER MATL'S .
WASTE I | I | I )

% 8. 8x108 35008 25x1010 Lax)eB SIE TABLE
GALYR 1R FINYR GAUYR 112
- I i 4 3 + PRODUCTS
%0
INPROCESS RADIOACTIVE MATERJALS S 10 ENCAPSULATION
HON RADIOACTIVE MATERIALS SOWTIONS
IN PROCESS IN PROCESS
SOLIDS: NOWE SOLIDS: NEGLIGIBLE 90, —
89, . 197
: A-0LIM TB 5 1-10Mmai C
LIQuiDs ?NséﬂanﬁsAuons P SASES:  NONE r L 10 ENCAPSULATION
24 (NHg)zCO3 10,000 B pama
GALLONS .
Cs 15 MCi
GASES: NONE
KIGH~ INTERMEDSATE = LOw-LEVEL Jal, S SUMES PROCESS ING OF
LEVEL - 1EVEL WASTE 200,000 GAL SLUDGE OR
WASTE WASTE 250,000 GAL CAW PER YEAR
NON- FILTERED
BOILING | | porLing PROCESS STEAM iy | | COBLING| | CHEMICAL
WASTE WASTE CONDENSATE{ | CONDENSATE XHaus WATER SEWER
TO TANK FARM J 10 216-B-12 CRIB l T0 ATMOSPHERE l 70 216-B-63 TRENGH
* 10216-8-3 POND ‘

TO TANK FARM T0 216-B-55 CRIB

WASTE

FIGURE 11,1-C-8 WASTE FRACTIONIZATION - B PLANT PROCESS INPUT-OUTPUT DIAGRAM (OPERATING)(a)

FEED 1 RAW SANITARY
ENCAPSULATION WATER STEAM AlR WATER
PLANT WASTE ] T T
7x108 2x108 2.6x1010 wio?
GALIYR #IYR cAva
! 3 { ¥
NON RADIOACTIVE RADIOACTIVE MATER |ALS
SOLIDS: NONE JIN PROCESS
LIQUIDS: 0.5 DZEHPA-0,3M g, 0
TBP - NPH, 6000
GALLONS | W7, 0
GASES:  NONE
NON FILTERED
PROCESS STEAM COOLING CHEM
BOILING EXHAUST
et CONDENSATE| | CONDENSATE e WATER SEWER
10 B FARM 216-B-12 216-B-55 ATMOSPHERE  216-B-3 216-8-63
CRIB CRIB POND - TRENCH

FIGURE 11,1-C-8 WASTE FRACTIONIZATION - B PLANT PROCESS INPUT-OQUTPUT DIAGRAM (STANDBY)
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SANITARY ESSENTIAL RAW
STEAM WATER AR MATERIALS WATER
| | | | i
2507 2108 L2010 2 570 50x10° 20x106
YR GALIYR FT3rYR SEETABLE 11.1-F-3 GAliYR GAT’R
4 4 i {
NONRADIOACTIVE INPROCESS RADIOACTIVE CAPSULE STORAGE
0, ——l INPROCESS MATERIALS
' SOLIDS
30 MC
Feld SOLIDS LIQUIDE 157
SOLIDS; NONE - P €5 INCREASING
LIQUID:  NONE St a3Ma Sr azMcl s |NCREAS ING
GASES:  NONE Bles  roma ¥os osme B, 10 caoi
Cs-750 CAPIYR
GASES: NONE
137, ——— %5 r-200 cAPIYR
M0
PER YR I i
HIGH-LEVEL FILTERED COOLING ,_I
WASTE EXHAUST AIR WATER
70 B PLANT ATMOSPHERE 25 70 70x10° GAUYR
1-BATCHIDAY 216-B-3 POND
50 GALBATCH
sy <2 cilGAL
7
Cs <0,5 CIfGAL

FIGURE II.1-C-10 225-B ENCAPSULATION INPUT-QUTPUT DIAGRAM

0 200 400 600 300
e — ]
FEET ~

e ¥ rm—

B PLANY PROCESS CONDENSATE {BCP— 1
B PLANT STEAM CONDENSATE {BCS}—— 2
BCP AND BCS: 3
CAW, NHW AND CENTRIFUGE WASTE—— 4
[ON EXCHANGE WASTE ——-— 5
10N EXCHANGE WA STE —————— §
CHEMICAL SEWER
CAL 23 BOTIOMS ————m—as——
TANK COOLING WATER ———v—— ¢
CONDENSER COOLING WATER———— 10
NON-BOILING WASTE 11
NON-BOILING WA STE —————— 12
NON-BOILING WASTE——— 13
TANK FARM SUPERNATANTS ————— M

—_— 7

—

216-8-12 CRIB &

w-ex QOO TANK 1B

TANK FARM 888 0000
108

@TANK "
1-BYR-152

241-B

&
20;

1-
-B
BAS|

2A1-BX-155 o3

216-B-63 TRENCH

fpdtax SS8S rank rarm ©
A\ TANK 161
1-BXR -152 g5 () R
O 7
N

e

¥0 216-B-3 POND
B PLANT POND

NOTE: COOLED WATER NORMALLY
ROUTED TO 207-8 RETENTION
@ BASIN via LINE £10

-~ 2746 FEET
10 241-C-i52
DIVERSION BOX

~ 3380 FEET *

TO 244-CR VAWLT
AND

-~ 3495 FEET

TO 244-AR VAULT

FIGURE II.7-C-11 221-B AND 225-8 ENCAPSULATION ACTIVE WASTE TF.ANSFER LINES
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2.

4,

10.

11.

12.

13.

14.

TABLE II.1-C-8
B PLANT ACTIVE WASTE TRANSFER LINES

Buried
Cathodic Secondary Depth Age
Function Description Protection Containment (feet) (years}
Process Condensate 4 in., Steel Not No 3t13 5t08
Sample Tank to {schedute 40), Required,
216-B-12 Crib and 4 in., Fiberglass coated and
wrapped
Steam Condensate 6 in., Steel Not No 4 t09 8
Sample Tank to (schedule 40) Required,
216-B-55 L{rib coated and
. wrapped
& Lines: B Plant 3 in., 55 (sch, 40)-2 Yes No 5 8
Condensates to 4 in., 55 (sch., 40}-2
Sample Tanks of 3 in., 5SS (sch. 10)-2
#1 and #2
2 Lines: High- 3 in., Stainless Steel Not Concrete 4 to 20 0 to 23
tevel Maste to {schedule 10) Required
and from 244-AR
Vault (Purex Table
#1 and #2)
lon Exchange Waste: 3.5 in., 17 gauge Not Concrete 8 to 12 26
241-BX-154 to 18-8 Columbian Required
241-BX-155 Stainless Steel
Diversion Boxes
Ion Exchange Maste: 3.5 in., 11 gauge Yes Nof2) 10 to 21 27
241-BX-155 to 18-8 Columbian
241-BX-153 Dijv, Box, Stainless Steel
to BX Farm Tank 104
Chemical Sewer to 6 to 15 in. Vitreous Not No 6.5 to 15,5 1.to 25
216-B-63 Trench Clay; Acid Proof Joints Reguired
Cell 23 Bottoms to 3.5 4n., 11 gauge Yes No(2} 5to22 24to 27
B Farm Tank’ 101 via 18-8 Columbian
241-B-154 and Stainless Steel
241-B-151 Diversion
Boxes
High-risk Cooling & in., Steel (sch. 40); Not No 4 to 14 7
Water to 216-B-3 8 to 12 in., Steel Required,
Pond via 207-B (sch. 20}; Coated and
Retention Basin 14 in., Steel (scn. 10}; wrapped
15 in., Extra Strength
Vitrified Clay
Low~risk Cooling 24 in., Cast Iron; Kot 4 to 18 24
Water to 216-B-3 24 and 30 in., Required
Pond via 207-B Vitreous Clay
Retention Basin
2 Lines; 241-C-151 3 in., 171 gauge Yes No 5 to 10 27
to 241-8-154 Diver- 18-8 Columbian
sion Boxes (Purex Stainless Steel
Table #14)
241-8-154 to 3.5 in., 11 gauge Yes No 10 to 14 27
2471-B-152 to 18-8 Columbian
247-BX-153 Stainless Steel
Diversion Boxes
241-BX-153 and 3 in,, Steel (sch. 40); Not Concrete, 3 to 10 7 to 22
241-BYR-152 6 in., Steel (sch., 80) Required; Partial R
Diversion Boxes to coated and
BX Farm Tank 103 wrapped
Tank Farm 3.5 in., 11 gauge Yes No 5 to 12 24
Supernatant from 18-8 Columbian
241-B-154 Stainless Steel

Diversion Box

(a) To be replaced with encased line.
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O O PUREX SLUICING SUPERNATANTS {PSSh—I1
PUREX SLUICING SUPERNATANTS (PSS}—2

~ 3910 FEET CENTRIFUGE WASTE SUPERNATANTS 3
TO Al-B-154  ALC-L52 TANK 135) SUPERNATANTS 4
DIVERSLON BOX d SUPERRATANTS 5
AND SUPERNATANTS &

~ 4750 FEET 241-C SUPERNATANTS 7
™ 221-B FACILITY TANK FARM ALUTERNATE SUPERNATANT TRANSFER LINE-—-8
© B PLANT : ,

QO  darn

ALTERRATE H1-AY

TANK FARM

AL-AY-1l o

0 100 200 300 400 30 600 70 300
e — . — |

FEET

AUL-AY-151

FIGURE I1,1-C-12 244-AR VAULT ACTIVE WASTE TRANSFER LINES
FOR TANK FARM SUPERNATANTS

—~ 7000 FEET
T0 216-A-25 POND
GARLE MT.POND
SLUDGE PROCESSING 1
SLUOGE PROCESSING 2 RO R AR
SLUDGE PROCESSING 3 PLREX PLANT
PUREX ACID IFIED SLUDGE (PAS) 4 O <
PUREX SLLICING SUPERNATANTS (PSS) 5 O (), TANK FARM
CENTRIFUGE WASTE FROM PAS PROCESSING — 6 OO0
COOLING WATER AND STEAM CONDENSATE —— 7 O o O
OOO

2M~C R VALY

@ WAz
-« TANK
0o
~ 4775 FEET 2A1-AY
T0 Z1-B FACILITY TANK FARM
B PLANT
O T‘@‘@ 241-AX
TANK FARM
L HTAY-15]
A
ﬁ 2014
TANK FARM
0 2 &0 @ am
ey

FIGURE IT1.1-C-13 244-AR VAULT ACTIVE WASTE TRANSFER LINES FOR SLUDGE SLUICING
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N

5.

7.

TABLE IT.1-C-9
TANK FARM ACTIVE TRANSFER LINES FOR SUPERNATANT

Buried
Cathodic Secondary Depth Age
Function Description Protection Containment  (feet) {years)
Sluicing Supernatant 3 in,, Steel Hot No It09 [
A Farm Tank 104 to {schedule 40} Required;
241-AY-151 coated and
Diversion Box wrapped
S$luicing Sup., 3 and 4 in., Steel Not Concrete; §to21 W0t N
241-AY=151 to {schedule 10) Required Gajvanized
AX Farm Tank 103 - Corrugated
16 ga, metal
Centrifuge Sup.. 4 in., Steel Not Ho 3tod 20
A Farm Tank 101 {schedule BO) Required;
to Tank 104 coated and
. wrapped
AX farm Tank 103 3 in., Steel Yes wo(2) 5t N 6
to 241-C-151 (schedule 40)
Diversion Box
241-C-151 3 in., 18-8 Columbian Yes * Hao 2to13 3
Diversion Box Stainless Steel;
to C Farm Tenk 10» 3 in., 5§ (sch. 10)
€ Farm Tank 105 3 in., Stainless Yes ] 2to13 3
to 241-C-152 Steel
Diversion Box (schedule 40}
241-C-152 3 in., 11 gauge Yes No 5 to 10 27
Diversion Box 18-8 Columbian
to B Plant Via Stainless Steel
241-B-154
Diversion Box
Alternate Line; 2 in., Steel Yes Nu(‘) Ito 7.5 10

A Farm Tank 101 to
C Farm Tank 105
via 241-C-151
Diversion Box

(schedule 40)

{a) To be replaced with encased 1ines

TABLE 11,1-C-10
244-AR VAULT ACTIVE TRANSFER LINES FOR SLUDGE

Buried.
Cathodic Secondary Depth Age
* Function Description rrotection Containment - (feet) {years)
4 Lines: A farm 6 in,, Steel Yes Ko 4 to 14 7
via 241-A-153 {schedule 4D}
diversion box,
and AX Farm vis
241-AY-152
sluice transfer
box
A Farm, from Tanks 6 in., Steel Not No 3to8.5 " T
102, 103, 106 to {schedule 40) Required;
1 Above coated and
' wrapped
A% Farm, from Tanks 6 in., Steel Not Concrete 2 to 3.5 <]
101, 1063, 104 to {schedule 40) Required;
¥1 Above coated and
. wrapped
Acidified Sludge to 3 and 4 in., Stain- Partial tontrats; 4 to 19 7 to 23
B Plant via less (schedule 10); Partial
241-AX-157 Diverter 2, 3and 3.5 in,,
Station and 244-CR 55 (schzdule 40)
Vault
Sluicing Supernatant 3 and 4 in., Stain- Yes Concret?; 5 to 17 7 to 10
to A Farm Tank 104 less (schedule 10) Partialla)
Centrifuge Waste, 3 to 4 in., Stainless Partial {oncrete; 4 to 20 0to 23
B Plant to A Farm {schedulie 10) Partial
Tank 101 via Vauit 3.5 in. Stainless
and 241-AX-151
Diversion Box
Cooling Water and 2, 3and 6 in, Not Ko 5 to 16 7
Steam Condensate Steel; Required;
to 216-A-25 12 in., Concrete coated and
{Gable Mt.} Pond wrapped

(a) Direct burial portion of linc will be replaced with encased 1ine
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RAW SANITARY 1 ESSENTIAL . ()
STEAM AIR ASSUMES CAW FROM
. WATER WAl:ER l MArsimLs 'PROCESEASING 1000 T!:R
6xlo? 1106 3,507 124010 OF N REACTOR FUEL AT
GALYR GALYR 1R NEGLIGIBLE FI3NR PUREX
4 ¥ 3 $ $
INPROCESS INPROCESS RAD|OACTIVE
NONRADIQACTIVE MATERIALS
MATERIALS
CAW FROM PUREX SOLIDS:  NONE SOLLDS: NONE
{250 GAUTON OF U) uQuins: %sr 3106 ¢ CAW
_— LIQUIDS: NONE Blgs  xi0dci > T0 B PLANT
‘ﬁ}r-Nb lxlﬂ; ci
GASES:  NONE Ce 210 Ci
T0TRy  6x10% C
GASES:  NONE
COOLING WATER AND FILTERED EXHAUST
STEAM CONDENSATE GASES
216-A-25 ATMOSPHERE
POND

FIGURE 11.1-C-14 244-AR VAULT INPUT-OUTPUT DIAGRAM - CAW PROCESSING'?’

{a}
ASSUMES PROCESS ING
RAW SANITARY ESSENTIAL
WATER WATER STEAM MATERIALS AIR gszogéAogo GAL SLUDGE
| | | |
1.3x108 1106 5x207 L2x1pl0
GAUYR GALIYR ¥YR NEGLIGIBLE FI3IYR
) { ! 3
TANK FARMS) MATERIALS I
el A SOLIDS 905'. 2)(105 ¢l VIA
SOLIDS:  NONE AND 3 PSS CR VAULT
LIQUIDS: NONE LIQuLDs Cs 1xie? i [t
GASES:  NONE GASES: NONE

1

COOLING WATER AND
STEAM CONDENSATE

!

216-A-25
POND

l

GASES

FILTERED EXHAUST

!

ATMOS PHERE

FIGURE I1.1-C-15 244-AR VAULT INPUT-OUTPUT DIAGRAM - PAS PROCESSING(a)

-
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RAW SANITARY ESSENTIAL
WATER WATER STEAM MATERIALS AR
| l ! i T,
X
NEGLIGIBLE NEGLIGIBLE  NEGLIGIBLE NONE e
4 d )] $ {
INPROCESS .
NONRAD} OACTIVE .
MATERIALS INPROCESS RADIOACTIVE MATERIALS
SOLIDS: NONE SOLIDS: NONE
LIQUIDS: NONE LIQUIDS: NONE
GASES:  NONE GASES:  NOME

A

COOLING WATER IN
STEAM CONDENSATE

!

216-A-25
POND

|

FILTERED EXHAUST
GASES

!

ATMOSPHERE

FIGURE 11.3-C-16 244-AR VAULT INPUT-QUTPUT DIAGRAM (STANDBY)
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~ B840 FEET
70 216-A-25 POND
. GABLE MT, POND
-
241-AY-501

VALVE PIT @ @
»
241-AX
‘ @

TANK FARM
2

H1-AY
TANK FARM

SAMPLER
PITNQ. 2

»

1 "-GOAFEEI'
0215-A-3 CRIB
5 ) 1ON DXCHANGE i ‘
o’ /
COMDENSER BLDG,
PUMP TANK, 241-A-TK-417
UL-A
PROCESS CONDENSA TE——oo——
104 EXCHANGE COLUMN CONDENSATE FEED-—

AL-AX501 B3 201-A-401
VALVE PIT - LT DIVERSION BOX
CONDENSATE RECEIVER AND
7 4
TANK FARM ‘CONTROL STRUCTURE
21548 L
v -
FROM 202-A FACILITY
PUREX, PLANT
PROCESS CONDENSATE
PROCESS CONDENSATE——
PROCESS CONDENSATE
— = — =] 10N EXCHANGE COLUMM EFELUENT
P ®» © ¥ L0 WASTE COOLING WATER
CONDENSATE WASTE

O ad O W B up B

FIGURE I1.1-C-17 A, AX, AND AY TANK FARMS ACTIVE WASTE TRANSFER LINES
FOR PROCESS CONDENSATES AND COOLING WATER

TABLE II.1-C-11

A, AX AND AY TANK FARMS: ACTIVE WASTE TRANSFER
LINES FOR PROCESS CONDENSATES AND COOLING WATER

Buried
Cathodic Secondary Depth Age
Function Gescription Protection  Contaimment (feet)  {years)
1. Proc. Cond. from 6 in., Steel Hot 5] 14 to 16 16
Condensers to (schedule 80} required;
Receiver and Pump coated and
Tank 241-A-TK-417 wrapped
2, 241-A-TK-417 to 2 ard 3 in., Not No 6 toi2 S5tall
241-AY-501 Steal required;
Valve Pit {schedule 40) coated and
wrapped
3. 241-AY-501 to 2 in., Steel Hot Ko 10 to 12 5
AY Farm Tanks {schedule 40) required;
107 and 102 coated and
wrapped
4, 241-AY-501 to 2 and 4 in,, SS Nat Concrete 10to 20 5 toll
AX Farm Tanks (schedule 10} requived .
101, 102, 103
and 104 )
5. 241-A-TK-417 to 2 in,, Steel Hot Ko w9 4
Ton Exchangs Column {schedule 40} required;
coated and
f wrapped
6. 241-A-TK-417 2 in., Steel ¥ot lo 3t0l6 41015
Overfiow and lon {sch. 40); required;
Exchange Colum to § n. Stesl coated and
Sampler Pit #2 {sch. 30) wrapped
7. Cooling Water: 21 in., 16 gauge Not. Concrete 1 to 37 16
Condensers to galvanized required; under
216-A-25 Corrugated {asphalt  coated roadways
(Gable Mt.} Pond coated) metal
8. Condensate; 16 in., Steel Kot . Concrete 4 to? 18
Sampler Pit #2 {schedule 20) required; under road
to 216-A-8 Crib coated and 1
wrapped

I1.1-C-N




PROKCT 641
PROJECT ¢
PROXLCT &7
SALT WELL TRANSFER
TI£-14 2OTTOMS SYSTEM
108 & 109-BY ADDITION

107 & 110-EY ADDITION
175 11 & 1S 42 INTERTAE:
{15 42 BOTIOMS
PROTOTYPE PHOSPHORIC
ACID SCLIDIFLCATION LINE

Il
- #

Bamuonnwhie

L]

"m L] o
| I ] | 1
FET
FIGURE II.1-C-18 ITS NO. 1 AND ITS NO. 2

BY CRIBS AREA

s

216-B-50

A6-a-2%  bo

o528 b

6847

ACTIVE INTERFARM WASTE TRANSFER LINES

EXHAUSTER PROCESS CONDENSATE—— )

11502 PROCESS CONDENSATE: 2
17541 PROCESS COMDENSATE: 3
1T5F1 CONDIHSER COOLING WATER——— &
17572 CONDENSER COOLING WATER —— §

TON-EXCHANGE PROCESS CONDINSATE— &

o —

=@ @

DUHAUBEER

570 oRwtinct o1cn )]
DIRECTION BOURTY

= O o]
LN 49712-DYETRACID & PRES -

SURL TESTED . ROR. ALIGNMENT,
DETERMINED BY JAAG, DETECT
VERE. AL TGHMT WN

(1) CONDENSATE TANK AND PUMP

AN

hH
0
70 NEW DITEH
{7S11AMD 17502 WASTE COOL ING WRTER PROEESS ERRDIVEATES | S /2EE

AND DRAINS TR
R T .
N 10 2078 BASIN

T

FIGURE II.1-C-19

ITS NO. 1 AND ITS NO. 2 ACTIVE WASTE TRANSFER LINES

FOR PROCESS CONDENSATES AND CODLING WATER
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Eie

3.

6,

7.

8.

9.

TABLE I1.1-C-12

ITS NO. 1 AND 2 ACTIVE INTERFARM WASTE TRANSFER LINES

Function

BX Farm Tank 105

to BY Farm Tank 101
BX Farm Tarks 105 to
106, 110 to 111,

BY Farm Tanks

101 to 104

{Project 641)

BY Farm Tanks

167 to 104 to 105
to 103 to 105 to 109
{Project 646)

8 Farm Tank 109 .
to BX Farm Tank 105;
BX Farm Tank 112
to BY Ffarm Tank 110;
8 Farm Tanks 112
to 108 to 102 to 103
to 106 to 109 to 108;
8% Farm Tanks 110

Description

3 in., Stesl
{schedule 40)

3 in., Stes)
{schedule 40)

3 in., Steel
{schedule 40)

to 108 to 106, 112 to

111 (Project 657)

Salt well Liquid
in B Farm; to Tank
102 from Tanks 101,
104, 107, 110

BY Farm Tanks
102 to 105
B Farm Tanks
101 to 105

BY Farm Tanks
108 to 108 to N2

BY Farm Tanks
M1 to 110 to 107
to 108

BY Farm Tanks
102 to 1

8Y Farm Tanks
2 to 111

BX Farm Tanks

108 to 109
{Fhospharic Acid
Solidification
Process Prototype)

PROCESS CONDENSATES AND COOLING WATER

Function

2 in., Steel
{schedule 40)

3 in,, Steel
{schedule 40}

3 in,, Steel
{schedule 40)

3 in,, Steel
{schedyle 40)

3 in., Steel
{schedule 40)

1.5 in., Stee]
(schedule 30}

2 in., Steel
(schedule 40}

Cathodic

Praotection

ot sred
required;
insulated

Kot
required;
insuiated

Kot
raquired;
insulated

ot
required;
insuiatad

Kot
required;
insulated

ot
required;
{nsulated
Hot
required;
insulated
Nat
required;
Insulated
Kot
requireds
insulated
Kot
requireds;
insulated

JABLE II1.1-C-13
ITS NO. 1 AND 2 ACTIVE WASTE TRANSFER LINES FOR

Description

Cathodic
Pratection

Buried

Secondary  Depth

ko

Ho

No

Ho

Secondary
Containment

Condensate from
Tank Exhausters

te BY Farm Tank

109; B Farm-2
Exhausters

8% Farm-2 Exhausters
BY Farm-1 Exhauster

Condensate from
one BY Farm
Exhauster and ITS
#2 to Ion Exchange
Unit

Condensate from
ITS #1 to lon
Exchange Unit

175 #1 Condenser
Cooling to 216~8-3
Pond via 207-B
Retention Basin

1TS #2 Condenser

Cooling to 216-8-3
Pond via 241-BYR-
154 Diversion Box

Condensate Processed
by Ton Exchange
Unit to 216-B Cribs

1.5 and 2 im,, Steel
(schedule 40)

1 and 2 in., Steel
{schedule 40}

2 in., Steel
{schedule 40)

4 §n,, Steel
{schedule 40)

6 in., Steel
{schedule 80 and
schedule 40}

2 in,, Steel
(schedule 40)

Hot
Required;
coated and
wrapped

Not
Requireds;
coated and
wrapped

Hot
Required;
insuiated

tot
Required;
coated and
wrapped

Kot
Required;
coated and
wrapped

Mot
Required;
coated and
wrapped

I1.1-C-33
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No

'Concrete',
Partial

Containment (feet)

Ito 9

Ita 9

Itod

.4t06

Z2to§

1.5 to 3

eArs

1te 3.5 5

1te2

Buried
Depth
[feet)

2to b

3to?

Above
Ground
(5 feet)

Jto$

3

Age
!zears!

2to7

1t

10
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APPENDIX II.1-C, Part 4

Details of 200 West Area Facilities and Operations
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11.1-C, Part 4 Details of 200 West Area Facilities and Operations

The Typical Process Solution Transfers within 200 West Area are shown in Figure II.1-C-20. The
interarea transfer line is shown in Figure II.1-C-21,

Plutonium Processing - Z Plant

Plutonium processing operations of Z Plant (including scrap reclamation, chemical conversion and
finishing operatjons) produce waste streams which are routed to various processing and disposal
sites. Figures II.1-C-22 and I1.1-C-23 identify the waste streams produced by Z Plant and their
destination when Z Plant is both in operation and standby status. Liquid waste 1ines emapating
from Z Plant® are shown in Figure I1.1-C-24 and described in Table II.1-C-14.

Uranium Processing - UO3 Plant

Calcining uranyl nitrate hexahydrate (UNH} solution to produce uranium trioxide (U03) produces
waste streams which are routed to varjous.processing and disposal sites. Figure 11.1-C-25 and
I1.1-C-26 identify the waste streams produced by the U03; Plant (224 U} and their destination,
when the plant is both in operation and in standby status. Liqujd waste lines emanating from the
U031P1a¥t1and1the adjacent U Plant facilities are shown in Figure 11.1-C-27 and described in
Table II.1-C-15.

222-5 Laboratory -~ REDOX

Laboratory operations yield waste streams of varying types which are routed to waste management
facilities. Figure II.1-C-28 shows 1iquid waste 1ines emanating from the laboratory and their
destination. The lines are described in Table II.]1-C-16. Lines for unloading and transfer of
1iquid waste received from the 100 and 300 Areas are also shown and described in the above figure
and table.

Decontamination--T Plant, Laundry and Mask Station

Actﬁve decontamination and laundry waste 1ines are shown in Figure II.1-C-29, and are described
in Table II1.1-C-17.

Evaporation/Solidification - 200 West Area

Tank farm operations, including waste solidification facilities 242-T and 242-S, produce waste
streams which are routed to various processing and disposal sites. Figures II.1-C-30 and
I1.71-C-31 show the waste and transfer lines and are further described in Table II.i1-C-18. Fig-
ure II.1-C-32 shows the details of the 242-S5 evaporator and associated tank farm waste transfer
lines and are further described in Table II.1-C-19.
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FROM Z200E AREA

21-0X-134

h J
Z PLANT WASTE T, 7, TY 10,000 GAL/BATCH T PLANT
3,000 GAL/BATCH TANK FARMS 45 BATCHES/YR
2 BATCHES/DAY s 1
242-1
Z PLANT EVAPORATOR
> T{) 200E AREA
. 8,000 GAL/BATCH
20,000 GAL/IBATCH [ U,5,SX TANK  [* T-BATCHIVR U PLANT
I 2 BATCHESIMO FARMS .
CUSTOMER 242-5
WASTE EVAPORATOR
222-5 1,000 GAL/BATCH
LABORATORY [ I-BATCHIWEEK REDOX PLANT
FIGURE II.1-C-20 TYPICAL PROCESS SOLUTION TRANSFERS,
200 WEST AREA
Material of Construction: 3 in, stainless tubing per ASTM
A-269-47 Type 347, 3.5 in. 0.D.
0.120 in. wall
Cathodic Protection: Yes
Secondary Containment: Concrete encased
Buried Depth: 5.5 to 16 ft
Age: 23 yr
22)-B
Al-R-151
20 WEST AREA ROAD 200 AREAS FIRE STATION X
’/
el TRANSFER LINES
i 200 EAST AREA
VENT STATION
\__ _——
|}
2000 FT

FIGURE II.1-C-21
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PURIFIED Pu NITRATE

Pu REWORK AND SCRAP
2 - .
ASSUMES CONTINUOUS OPERATION \
sﬁ:ﬂ%‘w STEAM AR ESETIAL OF PU RECLAMATION ON PRODUCT !
|1 : REWORK AND SCRAP PROCESSING;
Pu PROCESSING OPERATED AS
8107 Lsxio® L5x108 .
e o Lo SEETABLE1).1-F-6  REQUIRED TO SUPPORT RECLAMATION
| i i )
NONRADIOACTIVE INPROCESS
MATERIALS RADIOACTIVE MATERIALS INSTORAGE ~ |———» Pu OFFSITE
SOLIDS: NONE SOLIDS:  PLUTONIUM, SEVERAL 100KG S0LIDS: Pu
LIQUIDS: NONE LIQUIDS: PLUTONIUM, 200KG LIQUIDS: Py
CASES:  NONE © T AMERICIUN, 1000GH Am2KG J—
GASES: . NONE GASES: NONE -
NONBOILING COOLING R
WASTE WATER S
242-7 EVAP Z-19 DITCH ATMOSPHERE

FIGURE I1.1-C-22 Z PLANT INPUT-OUTPUT DIAGRAM (oPErATING)(2)

242-T EVAPORATOR

SANITARY ?
AT STEAM AIR
5xlm7 6x[107 1.511011
GALNYR HYR FI3IYR
) 3 4
RADIOACTIVE MATERIALS
IN STORAGE
Pu VARIABLE
NONBOILING COOLING ‘&Lﬁﬁ‘}
WASTE WATER A

! }

I1.1-C~38

.Z-19 DITCH

!

ATMOSPHERE

FIGURE II.1-C-23 Z PLANT INPUT-OUTPUT DIAGRAM (STANDBY)




1.

A

He-T mggg O 0#1-R-151
elo/elele]
50080 e
slele O 216-4-10
216-Z-16
CRiB 812
g X
j 200-W ACTIVE
WASTE TRANSFER LINES
0 500
FEET
FIGURE II1.1-C-24 Z PLANT
TABLE II.1-C-14
Z PLANT ACTIVE WASTE TRANSFER LINES
. Buried
Cathodic Secondary Depth Age
Function Bescription Protection Containment (feet) (years)

High Salt Waste 2 in., Stainless Yes Pipe in Pipe 3.5 to § 1
, from 234,5-7 to Steel (2)

242~-TA Tank R-1

234,5-Z Cooling 15 in., Vitrified No Concrete 3.5t 6 12

Water, Condensate Clay (2)

and Chemical Sewer

to 216-Z-19 Ditch »

231-Z Cooling 8 in., Vitrified No No 3.5t0 8 8

Water, Condensate Clay; 10 in.,

and Chemical Sewer Wrought Iron

to 216-Z-19 Ditch

231-Z Process 3 in., Stainless No No 3.5t0 18 6

Waste to 216-Z-16
Crib

Steel (3); 3 in. and
4 in., PVC
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Vs

SANITARY RAW ! @ASSUMES PROCESS ING
STEAM AIR
WATER WATER - OF 1000 TONS OF URANIUM
] P | | PER YEAR
2107 1.7x108 7x107 2.8x109
GAUYR GALIYR #IYR FT3YR
J 3 ] !
NONRAD} OACTIVE So}z:\go; o?jc;;\;::m S | U REWORK PUREX
UNH FROM STORAGE . : : U
(700 TONS PEAK SOLIDS: NONE LIQUID: U-ISTONS  [—+UO3 OFFSITE
INVENTORY) LIQUID: NONE GASES: NONE |_, RECOVERED NITRIC
GASES: NONE 224-U AND 224-UA ACID TO PUREX
I__J | i L.1
4 J i
PROCESS STEAM | | "rayer| | COOLING | | CHEM
CONDENSATE | |CONDENSATE | | = gas WATER | | SEWER
216-11-12 216-U-12  ATMOSPHERE  216-U-10 216-U-10
CRIB CRIB POND POND

FIGURE 11.1-C-25 UDg PLANT INPUT-OUTPUT DIAGRAM (OPERATING)®]

SANITARY RAW
WATER WATER STEAM
| | |
NEGLIGIBLE  NEGLIGIBLE NEGL! GI BLE
3 -lv J
NONRADIOACTIVE  RADIOACTIVE
INPROCESS INPROCESS
SOLIDS: NONE  SOLIDS: U-9 TONS
LIQUIDS: NONE  LIQUIDS: NONE
GASES: NONE  GASES: NONE
PROCESS STEAM COOLING
CONDENSATE | | CONDENSATE WATER
216-U-12 216-U-12 216-U-10
CRIB CRIB POND

FIGURE II.1-C-26 UO3 PLANT INPUT-OUTPUT DIAGRAM {STANDBY)
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00

)
A6-1-12

O 241-5-151

Ab-U-14 DITCH
e —
FROM 241-TX-155 " 201U FROM 240-5-151
s BASIN
200-W ACTIVE 0, ~ FROM 261-5-151
| WASTE TRANSFER LINES 24]-UR- 216-U+14 DITCH

TO 214-U-10 POND

{ 1

1] 200 42-5
S N R O B
FEET , 241-1 )

— g —— TANX FARM L

L

FIGURE II.1-C-27 U PLANT AND UO3; PLANT ACTIVE WASTE TRANSFER LINES

TABLE II,1-C-15
U PLANT AND UO3 PLANT ACTIVE WASTE TRANSFER LINES

Buried
Cathodic Secondary  Depth Age)
Function Description Protection Containment (feet) {vears

Becontamination 3 in., Stainless Steel Partial concrate 8 to 18 25
Solutions from {11 gauge)

221~-U to U Farm

Tank 107 via

Diversion Boxes

241-UX%-154, 241-TX-

155, 241-U-152 and

153 (Also for T

Plant Waste)

224~ Process 24 in,, Vitrified Not No 6 to 17 20
Cooling Water to Clay Required

216-U-14 Ditch via

207-U Retention

Basins

291-U Stack Drain 3.5 in., Stainless Yes Partial 4 to 8 20 to 22
to 241-UR-154 Steel

Diversion Box, to  (schedule 40)

Tie-in from 224-U

Also 224-U Process

Condensate to Tie-in

Point for 216-U-12

Crib Line

.Tie Point {Above) 6 in., Vitrified Clay Not No ! 4 to 19 14 to 20
to 216-U-12 Crib Required

II.1-c-41



"’ ™y
216-5-19 . AN
POND }
20-5-151. (1) !
zw-s-jsz e (O
O— -290t-5-%01
- EMERGENCY WATER HIGH TANK
RAILROAD TANK 200-W ACTIVE
- CAR FACILITY WASTE TRANSFER LINES
To 241-U-152 0 500
FEEY
FROM 240-5-151
216-U+14 DITCH o Asenl
10 26-0-10 00 [ B ] 2= ™ 26510
%5 0008 93899 s
0600 || 00000 TANK FARM
o 261-5X~402 & 40}
-U-14
Z}fm —
N6-5-5
FIGURE 11.]-C-28 REDOX PLANT AND 222-S LABORATORY ACTIVE WASTE TRANSFER LINES
TABLE II.1-C-16
222-S REDOX PLANT ACTIVE WASTE TRANSFER LIRES ) oo
Burie
. Cathodic Secondary Depth Age
Function Description Protectjon Contaimment ({feet) {years)
Process Waste from 3 in., 11 gauge Yes Concrate 2.5 to 23 22
222-5 Lab, to 240- Stainless;
S-151 Diversion Box 3 in., Steel (sch. 80)
via 219-5 and 202-§
Buildings {(to U
Farm as Above)
Railroad Tank Car 2 and 3 in. Stainless Yes Yes 3 to 25 3 to 23
Waste to U Farm Steel (schedule 40);
Tank 107 via 204-S 3 in., Steel {sch. 80}
Tanks Pump and
Diversion Boxes
240-5-152, 157 and
241-U-153
Waste Water from 8 in., Vitrified Not No 3.5 to 12.5 22
222-S Lab. to Clay Required
216-5-19 Pond via
207-L Retention
Basins
Haste Water from 12 in., Vitrified Not No 3.5 to 19 23
202-S and High Clay Required
Tank Overflow to
216-5-10 Pond
Stack Drain 3 in., Stainless Yes Concrete 4 to 12 23 .
Line to the Steel (sch. 40)

202-5 Bldg.
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200-W ACTIVE
YASTE TRANSFER LINES

0 0
[ R B - R}
FEEY

21-T4-155

T0 241-U-152

FIGURE I1.1-C-29 T PLANT, LAUNDRY AND MASK STATION
ACTIVE WASTE TRANSFER LINES

" TABLE 11.1-C-17
T PLANT, LAUNDRY AND MASK STATION ACTIVE WASTE TRANSFER LINES

Buried

b Cathodic Secondary Depth Age
Function Description Protection Containment (feet) {years)
1. Neutralized Decon- 3 in., 11 gauge Partial Concrete 8 to 18 25
tamination Waste Stainless Steel
- from 221-T to U
. Farm Tank 107 via
. Diversion Boxes
241-TX-154, 155
and 241-U-152,
v . 153 (Also for U
Plant Waste)
2. MWaste Water from 8 and 10 in, Vitreous No No 3.5 29
2724-W Laundry and Clay; 24, 36 and
2773-W Hask 42 in. Concrete
Cleaning to
216-U-14 Ditch
3. Stack Condensate ~ 3.% in., 11 gauge Yes Concrete 4 30

from 291-T Stainless Steel
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241-TXR-152

. RA1-TK-153
k]

21T
TANK FARM g

TANK FARM

0

--
OO IJ 241-TXR-151
QOO O -1

OO0  TANK FARM
OCO

200-W ACTIVE
WASTE TRANSFER LINES

500

[ .

FEET

FIGURE 1I.1-C-30 T FARM AND EVAPORATOR ACTIVE WASTE TRANSFER LINES

10 241-U-152

"
J /
' 10 216-5-10

FROM 240-5-151
27U l FROM 241-LX~154
BASIN .
== FROM 201-5-15) 59 et
PEEa 216-U-)4 DITCH ZM'SX'IH
“_.Tl,_ﬂ N 241-U-152 e
@8] [toa1-u-153 [e]e]ele] 0000 .5y
Q000
8888 GO OO TANKFARM
241U 5.0 241-SX-402 AND 401
TANK FARM !
e
- 26-5-25
- 200-W ACTIVE
2“,',;‘,;0 WA STE TRANSFER LINES
[ 500
[ T
FEET
e =]
EARTH BIKE CI/\\\
.
s 10 216-5-16DITCH

FIGURE 1I1.1-C-31

0 2i6-U-1) POND

ACTIVE WASTE TRANSFER LINES
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TABLE 11.1-C-18

EVAPCRATOR AND TANK FARM ACTIVE WASTE TRANSFER LINES

Function Description

Cathodic

Secondary

Buried
Depth

Protection Containment {feet)

Age
{years)

Cooling Water from 4 in. Steel
242-T Evaporator (schedule 40)
to 216-T-4 Pond

via 207-T

Retention Basins

Procass Condensate 3.5 in. Stainless
from 242-T Evapora- Steel; 3 in. Steel

" tor to 216-T-14

Crib via 241-TX-153
Diversion Box

Cooling Water from 24 in. Corrugated
242-5 Evaporator Metal, Zinc Coated
to 216-U-10 Pond via

216-U-14 Ditch

Process Condensate 4 in. Steel
from 242-5 Evapora- {schedule 40)
tor to 216-5-25

Crib

Process Waste 3 in. Stainless Steel
Transfer Between (18-8 Columbian)

S and SX Farms

Biversion Box

241-5-151 and U

Farm Box 241-U-152

East Area Neutral- 3 in. Stainless
ized High-Level Steel {2)

Waste to § and SX  (schedule 10)
Farms for Evapora-

tor Feed via

Diversion Boxes

241-lR-154,

241-58-151 and

247-5X-151

242-3 Evaporator 2 and 3 in. Steel
Supernate Feed ° (schedule 40)
from 241-5-02A .

Pump Pit; Also

Slurry Discharge

to § Tank Farm .

Condenser Cooling 8 in. Steel
Water, SX Farm to  (schedule 40)
216-4~10 Pond

No

Yes

No

No

Yes

No

No

No

JI.1-C-45

No

No

o

No

Concrete

Concrete

No

No

3407

3.5 to 18

3.5 to 8

3.5t 8

7 to 20

3 to 18

3 to 4.

3.5t 5

20

18

20

19



VALVE PIT 241-5-8B VALVE PIT 24)-5-C
WALVE PIT 221-5-A (D . VALVE PIT 241—5-0 ’

5 0 D Lo
 mm .‘- e ] L
(D \ Tk-101 T } l SUPERNATE TO SX-B-VALVE PIT

SLURRY FROM 242-5 ‘l =/ _Sp—Cra e T L SLURRY TO SX-B VALVEPIT
D .r—

' -"‘—— SLURRY TO SX-A VALVEPIT

Lo

el

o

®
S

.

i r|—’é =={1)P%y VSUPERNATE TO SX-A VALVE PIT

SUPERNATE 0 242- SLURRY WASTE—- -—— 1
SUPERNATE WASTE—— 2
242-5-BLDG EMERGENCY DUMP—— 3
= PROCESS COMDENSATE _ ,
ll— l-"‘ TIVERSION
' T;."' : STEAM CONDENSATE
DIVERSION

5

241-5-TANK FARM

CONDENSATE T0
COOLING WATER 216-5-25 CR1B 242-5 EVAPORATOR ACTIVE WASTE LINES
10 216-U-14 DITCH A

S~ ROAD _\j_ b

—- X -t

FIGURE II.}-C-32 242-5 EVAPORATOR ACTIVE WASTE TRANSFER LINES

TABLE I1.1-C-19

242-S EVAPORATOR AND ASSOCIATED TANK FARM WASTE TRANSFER LINES

Buried
Cathodic Secondary Depth Age
Function Jescription Protection Containment {feet) {years)

1, Slurry transfer 2 in. Carbon Steel No No 3tod 1
line network from (schedule 40, .
242-5 to Tanks Insulated)
241-35-10) through
241-5-112 via ~
valve pits 241-5-
A, B, C&D,

2, Supernate transfer 3 in. Carbon Steel No No 3t 4 1
line network from (schedule 40,
Tanks 241-5-101 Insalated)
through 241-5-112
to 242-5 via valve
pits 241-5-A, B,
ceoD,

3. Emergency slurry 10 in, Carbon Steel o Ko 7
dump transfer line (schedule 40,
from 242-5 [nsulated)
Evaporator
to the 241-35-103
tank

4. Process condensate 6 in. Carbon Steel o o 7
diversion transfer (schedule 40,
1ine from the Insulated)
242-5 Evaporator
to the 241-5-103
Tank. Floor drain
waste is also
routed to the
241-5-103 tank
via this line,

5. Steam condensate 10 in. Carbon Steel No No 7 1
diversfon trans- {schedule 10,
fer line from coated and wrapped)
242-5 to the
241-5-103 tank.
Sump drainage
from 242-5 is
also routed to
the 241-5-103 tank )
via this Tine, Lo
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APPENDIX II.1-C, Part 5 [RPB, X.24]

Radijonuclides Stored Beneath Selected 200 Area Cribs
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11.1-C, Part 5 Radionuclides Stored Beneath Selected 200 Areas Cribs

I1.1-C.1 Ground Disposal [X.24]

At Hanford, liquid waste containing intermediate-levels of radionuclides has been discharged to
the ground via structures collectively termed cribs, The cribs are subsurface 1iquid distribu-
tion systems from which waste solutions percolate downward through underlying sediment columns

* (Figure 11.1-C-33}. During this downward percolation, the solutions react with the sediments
and nearly al} of the disposed radionuclides are retained by the earth materials before reaching
the water table.

The ground disposal operations at Hanford have been carried out under carefully controlled condi-~
tions. Many of these conditions were based upon laboratory studies of sediment characteristics
and upon dynamic tests conducted using representative waste and sofl columns.! Controls based
on these laboratory studies have been verified by careful examination of the behavior of radio-
nuclides in the ground beneath actual disposal sites through drilling and ground water monitoring
operations. :
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AND DISTRIBUTION OF WASTE LIQUIDS IN THE VADOSE ZONE BENEATH A
TYPICAL HANFORD CRIB

I1.1-C.2 Field Study of 216-S-1 and -2 Cribs Site

The most complete data regarding radionuclide migration in the vadose zone were obtained from

the 216-S-1 and -2 Cribs site.? This disposal facility consisted of two timbered cribs buried in
an excavation 11 meters (36 ft) deep, 12 meters (39 ft) wide, and 30 meters (58 ft} long. Three
monitoring wells were initially drilled through the bottom area of the excavation to a depth of
46 meters {151 ft), terminating 18 meters (59 ft) above the regional water table.

This facility was in service from January 1952 until January 1956. During this four-year period

approximately 1.5 x 108 liters (4.0 x 107 gallons) of waste Tiquid were discharged into the
ground through the bottom area of the excavation. Contained in this liquid waste were an
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estimated 750,000 Ci of mixed fission products, including 3,000 Ci of 209Sr and 2,000 Ci of 137Cs,
The crib was removed from service when the 137Cs ‘and- %9Sr concentrations in samples taken from
the monitoring wells reached levels equal to ERDA Concentration Guides listed in ERDAM-0524,
Annex A, Table 2, Column 2.3 :

Early in 1956, following the termination of discharges to the 216-5-1 and -2 Cribs site, an
exploratory field study was undertaken to determine the spatial distribution of radionuclides in
the underlying sediments. An evaluation of the field data and results from radiochemical analysis
of the sediments cored from these wells was made. Three of the shallow wells located at this
site were deepened and six additional research wells were drilled through the contaminated
sediments, A special well logging program was initiated to detect possible changes in the radio-
nuciide distribution pattern with time. Well logs showing profiles of gamma activity throughout
the vadose zone were obtained with a scintillation counter probe. Later a neutron probe was
incorporated into this monitoring zone in each well.

In 1966, 10 years after the first field exploration at the 216-5-1 and -2 Cribs site, five addi-
tional wells were drilled to determine the extent of radionuclide redistribtuion. The logging
data indicated that very little change had octurred around the periphery of the crib site, so
attention was focused on the sediment column directly underiying the crib excavation.

Figure I1.1-C-34 shows two diagrammatic cross-sections’ and a plan view of the 216-5-1 and -2
Cribs site and the associated monitoring wells. The radjonuclide distribution, determined at the
time the crib site was removed from service in 1956, is indicated in the upper portion of Fig-
ure 11.1-C-34 and the results of the 1966 evaluation are ghown in the Tower portion. The isocon-
centration line, selected to delineate the shape of the 995r and 137Cs contamination patterns in
these two cross-sections, was arbitrarily chosen at 10=* uCi per gram of sediment. A schematic
log of the geology beneath this area and the position of the regional unconfined water table are
shown in these cross-sections. The grain size definitions for the sedimentary materials are
given in Table II.1-C-20a.

The upper cross-section in Figure 11.1-C<34 depicts the 1956 study results. The approximate
degree of -lateral spreading of liquids is indicated by the isoconcentration Iine at the 10°*
uCi/g value. Very little lateral spreading of the long-lived radionucliides had taken place, with
strontium and cesium being detected in only three of the wells (299-W22-11, -15, and -18}) drilled
adjacent to this crib site at distances up to 35 meters (115 ft)}. The contamination pattern in
the sediment column immediately beneath the excavated crib site was determined from the 46 meter
(151 £t} depth downward by deepening the three original wells. Radiochemical analyses of sedi-
ment samples removed from the bottom of the wells showed both %0Sr and 137Cs present in concen-
trations above 10~% uCi/g. Some questjon existed as to whether this activity resulted from
radionuclide migration through the sediment column or from channeling of the liquid waste down
well casings. As a result of this investigation it was concluded that the bulk of the long-lived
fission products were contained in the sediments underlying the crib excavation to a depth of
about 15 meters (49 ft}).

The lower cross-section in Figure 11.1-C-34 depicting 1966 results also shows the 10~* uCi/g
isgconcentration lines for 29Sr and !37Cs, By 1966 nearly all of the radionuclides with half-
1ives of less than one year had decayed to concentrations below their routine analytical detection
Timits. Of the nuclides with half-lives greater than one year, all were below the 10~* uCi/g
1imit except where they were detected within the contaminated zones shown for strontium and cesium.
Within these contaminated zones, the following maximum concentrations were noted: 9Co, 2 x 107}
uCifg; 1258b, 1 x 107} uCi/g; and 106Ry, 9 x 10-* uCi/g. The concentration distribution of these
nuciides followed the same general pattern as that observed for strontium and cesium. The data
from these field investigations indicate that greater than 99.9% of the strontium and cesium
curies discharged to this disposal site are contained within the first 5 to 10 meters (16 to 33 ft)
below the bottom of the two cribs 10 years after the distribution of 1iquid to the facilities had
been terminated.

The Tower cross-section in Figure II.1-C-34 indicates that 1iquid waste, in draining through the
sediment column, transports small yet measurable amounts of strontium and cesium downward from
the zones of high concentration immediately below the cribs. The lenticular-shaped zones of
strontium and cesfum, designated A through E in this cross-section, probably represent sedimen-
tary interbeds with greater capacitg for removing the radionuclides from the liquid waste. Fig-
gre 11.1-C=35 shows the 137Cs and 9%Sr concentration profiles in two wells drilled through the
bottom area of the 216-5-1 and -2 Cribs site, The concentrations were determined from radio-
chemical analyses of the sediments cored during the drilling operation. These logarithmic graphs
show that the bulk of the cesium activity is in a relatively narrow zone and that the strontium
activity has built up on the sediments to concentrations above 10! uCi/g over a 15 meter (49 ft)
vertical section. The letter designations on these two graphs indicate the positions of the
lenticular zones shown in Figure II.1-C-34. t
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TABLE I1.1-(-20a

GRAIN-SIZE DEFINITIONS OF SEDIMENTARY MATERIALS AS USED IN THIS
REPORT AND IN COMMON USAGE IN HANFORD GEOLOGIC RESEARCH*

(sieve size)

Description ] m . in.
Very fine clay 0.00024 to 0.00049 0.0000096 to 0,000019
Fine clay 0.00048 to 0.00098 0.000019 to 0.000038
Medium clay 0.00098 to 0.00186 0.000038 to 0.000077
Coarse clay 0.00195 %o 0.0039 0.000077 to 0.00015
Very fine silt 0.0033 to 0.0078 0.00015 to 0.00031
Fine siit 0.0078 to 0.0156 0.00031 to 0.00062
Medium silt 0.0156 to 0.313 0.00062 to 0.0013
Coarse silt 0.0313 to 0.625 0.0013 to 0.0025
Very fine sand 0.0625 to 0.125 0.0025 to 0.004%
Fine sand 0.125 to 0.25 0.0049 to 0.0098
Medium sand 0.25 to 0.50 0.0098 to 0.0197
Coarse sand 0.5 to ] 0.0197 to 0.0394
Very coarse sand 1 to 2 0.0394 to 0.079
Very fine gravel 2 to 4 0.079 to 0.157
Fine gravel 4 to 8 0.157 to 0.315
Medium gravel 8 to 16 o 0.315 to 0.630
Coarse gravel 16 to 32 0.630 to 1.26
Very coarse gravel 32 to 64 1.26 to 2.52
Small cobbles 64 to 128 2.52 to 5.04
Large cobbles 128 to 256 5.04 to 10.08
Small bouiders 256 to 612 10.08 to 20.16
Medium boulders 512 to 1024 20.16 to 40,31
Large bouiders 1024 to 2048 40.31 to  80.63
Very large boulders 2048 to 4096 80.63 to 161.3

There are two possible explanations for the higher strontium and cesium concentrations at the

46 meter (151 ft) depth (Zone D in Figures I1.1-C-34 and €-35). Perhaps 1iquid waste channeled
down from the well casings to this depth, with lateral spreading taking place above the caliche
horizon (CaC0;} known to be present here. If bypassing down the well casings occurred, the
contamination pattern shown in the lower cross-section of Figure II.1-C-34 would actually repre-
sent the'migration in two disposal sites, one on top of the other.

Zones A, B, and C in Figures I1I.1-C-34 and I1.1-C-35 show the extent of migration from beneath

the erib structures while Zone E shows the migration from the liquid waste entering the ground

at Zone D. The other possibility is that the selectivity of the minerals in the sediments in

this zone are significantly greater for strontium and cesium than those in strata where the peak
activities occur at positions A, B, and C, Experience at Hanford has shown that geologic strata
underlying the Hanford Reservation have significantly different mineral contents. In Zone D .
beneath this disposal site, a significant change in mineralogical composition of the sediments
occurs which accounts for the observed increase in radionuclides concentrations (Figure II1.1-C-35).
Calcium carbonate and mica are present in significant quantities. Both of these minerals are

very selective for strontium and cesium ions.

Data from the well Togging program indicate that the waste 1iquid is draining from the vadose
zone beneath this disposal site. Figure I1.1-C-36 shows 1)} a plot of the gamma activity and
moisture content in the ground beneath the 216-$-1 and -2 Cribs between the 44 meter (144 ft) and
60 meter {197 ft) depths and 2) a sediment log. In the 44 to 46 meter (144 tc 151 ft) zone the
sediments are predominantly sand and silt, with some gravel; below the 46 meter {151 ft) depth
the materials are mostly coarser grained sands and gravels. The gamma profiles in this figure
are for the years 1958, 1959, 1963, and 1966. The neutron logs presented are for the years 1965
and 1966, These were the only logging records available for this crib site. The neutron count
rates were converted to percent moisture by volume.
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Two distinct gamma peaks are shown on the 1958 profile; one at the 46 meter (151 ft) depth and
one at the 52 meter (170 ft) depth. Each successive year the count rate decreased and the rela-
tive positions of the peaks moved progressively lower in the section (comparison of point 1 or

2 on the curves). The gamma data indicate that the activity recorded is predominantly 106Ry,
which has a T-year half-1ife. This nuclide is not appreciably exchanged on the sediments and
provides some information on the rate of movement of the 1quid through the sands and gravels.

The average rate of moisture movement downward during the period 1958 to 1959 was about 1.5 meters
(4.9 ft) per year. From 1959 to 1963 the average rate dropped to about 1 meter (3.3 ft) per year,
then from 1963 to 1966 the downward rate averaged 0.5 meters (1.6 ft) per year. Although these
data are only approximate, they do show that the rates of movement appear to be decreasing with
time, as would be expected., The reduction in moisture content from 1965 to 1966 amounted to

about 1% by volume.

The movement of 930Sy and 137Cs within the groundwater system, if such radionuclides should ever
reach groundwater, would be orders of magnitude slower than the flow of the groundwater due to
absorptions-desorption-absorptions on the soils, sands, and mineral through which the groundwater
is fiowing. To assume for an impact calculation that the materiails do reach the groundwater in
guantity and then move to the Columbia river so rapidly as to neglect radicactive decay is not

in keeping with the facts known about the crib-groundwater-radionuclide system. To take even

the minimum flow time of 15 years for water and hence about 1,500 years for 905r and 137Cs,

would give about 50 haif-lives of decay. These nuclides will not 1ikely ever enter the ground-
water in quantity from the cribs because no motive or driving force is present over a long

enough period of time to cause a continued downward movement. If the nuclides took only 15 haif-
Tives to reach the river, the EPA calculated dose would be reduced to 0.02 man-rem.

I11,1-C.3 Additional Exploratory Drilling

In 1966 a study* was made to evaluate the quantity of long-lived radionuclides retained on the
sediments within 25 feet (7.6 meters) of the regional water table beneath selected crib sites.
Eleven major waste disposal sites {including the 216-5-1 and -2 site) were investigated by drill-
ing and sampling the underlying sediments. The exploratory wells dritled during this study and
their relationships to given ¢ribs are listed in Table II.1-C-20b. The results of the drilling
are summarized below according to the disposal site area. The 216-5-1 and -2 Cribs are not
discussed here because of the more detailed information given above

TABLE I1.1-C-20b
WASTE FACILITY EXPLORATORY WELLS

Disposal ' Depth (Meters
Site Honitored Wall Rumber {feet) Approx)
216-BY-1 Crib 299 E33-1A . 148 {45)
216-8Y-3 Crib 299 E33-2A 233 71)
216-BY 2 & 3 Cribs 299 E33-3A 143 143;
216-8Y-4 Crib 299 E33-4A - 230 70
216-A-5 Crib 299 E24-1A 320 {98)
216-BC-3 Crib 299 E13-3A 338 (103)
216-BC-7 Trench 299 E13-7A 100 {31
216-BC-17 Trench 299 E13-14A 94 29
- 216-A-24 Crid 299 E26-4A 245 (75)
216-A-8 Crib 299 E25-6R 208 {64}
216-A-8 Crib 299 E25-5A 85 {26)
216-5-1 & 2 {ribs 299 Wa2z2-1A 202 62;
216-5-1 & 2 Cribs 299 W22-3A 207 63
216-5-1 & 2 Cribs 299 W22-18 206 63)
216-S-1 & 2 Cribs 299 W2z-11A 118 {35}
216-5-1 & 2 Cribs 299 wW22-iC 206 63
216+5-7 Crib 299 w22-14A 212 55;
216-8-7 Crib 299 W22-13A 212 g
216-T-28 Crib 299 Wi4-24 205 {63)
216-5-9 Crib 299 W22-26A 216 66)
216+5-9 Crib 299 wW2z2-27A 215 556)
216-Z-9 Crib 299 W15-83 100 31)
216-Z-9 Crib 299 W15-94 95 29;
216-Z-9 Crib 299 W15-94A 50 15
216-2-12 Crib 299 W18-5A 212 i 555
216-2-12 Crib 299 W18-5B 50 15
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216-BY Cribs. The 216-BY crib site was selected for investigation because of 1) the large amount
of radjoactivity disposed, 2) the nature of the waste, and 33 the Tocation of the cribs in the
northern part of 200 East Area. The eight combined cribs received ~3.5 x 107 liters (9.2 x 106
gallons) of waste containing ~4.4 x 105 gross beta C1 of U Plant high salt scavenged waste, The
waste contained ~3000 Ci of 137Cs and ~10,000 Ci %0Sr.

The highest measured 137Cs and 20Sr concentrations were detected in Well 299-E33-2A. The highest
concentration of 137Cs and 905r was ~29 uCi/g at a depth of 20 feet (6 meters) beneath the crib
{Figure 1I.1-C-37). ‘

216-A-5 Cribs. The 216-A-5 Crib received Purex process condensate from November 1955 to October
1561. Total disposal wds ~3000 gross beta Ci {mostly ruthenium}. Total water disposed was

1.8 x 109 liters. Figure II,71-C-38 shows that in Well 299-E24-1A, 137Cs rapidly decreases from
a concentration of 4.4 x 10~3 uCifg at about 40 feet {12 meters). Strontium-90 was below detec-
tion 1imit (1 X 105 uCi/g). Ruthenium-106 was plotted to show the soil concentration in rela-
tion to the 137Cs, -

216-BC Cribs and Trenches., The 216-BC Cribs and trenches together received the greatest amount
of radioactivity disposed at any one site on the Hanford Reservation (~9 x 105 gross beta Ci) in
1.2 x 10% liters {3.2 x 107 gallons) of tank farm and U Plant high salt scavenged waste. Of this
volume, ~6 X 105 £ were disposed in 8 x 107 liters (2 x 107 galloens} to trenches on a specific
retention basis. Specific retention disposal relied on a long-term storage of the waste in the
pore space of the soil above the water table. Disposal volumes were much less than the total
pore volume of soil beneath the trenches.

Well 216-E13-3A was drilled to a depth of 339 feet at the east edge of the BC-3 Crib, Figures
11.1-C-39 and -C-40 show the 137Cs, %05r, 125Sb, and 195Ru concentrations as a function of depth

detected in the well. Other wells drilled in the area of the BC cribs and trenches showed lesser

amounts of 137Cs and 99Sr, except for 216-E13-14A where 137Cs reached 0.22 uCifg at 15 feet

£4.6 meters} below the surface, dropping rapidly to background (»] x 1078 uCi/gg below 25 feef
7.6 meters). Apparently the buik of the long-lived radionuclides are retained from 150 to

200 feet (46 to 61 meters) above the water table at the BC location south of 200 East Area.

216-A-8 Crib. An estimated 1000 Ci of long-lived isotopes '37Cs and 30Sr were disposed at this
Crib. 1wo test wells were drilled near the inlet end of the Crib. Only low levels of radio-
active contamination were detected in the drilling samples. Cesium-137 concentrations were below
detection limits (~1 x 30-5 uCi/g) in both wells below 40 feet (12 meters). Strontium-90 concen-
trations were less than 3 x 10~% uCi/g at depths greater than 25 feet (7.5 mefers} in both wells.

216-A-24 Crib. The waste disgosed of between May 1958 and December 1965 contained an estimated
500 61 of 197/Cs and 80 C1 of 29Sr, The highest measured 137Cs concentration (~0.5 uCifg) and
805y concentration {n6 x 1073 uCi/g) occurred at 19 feet (5.8 meters) below the ground surface in
a well drilled at the inlet end of the Crib.

216-T-28 Crib, The 216-T-28 Crib received a total, of ~42 x 108 1iters (11 x 105 gallons) of
waste containing ~6 x 10% gross beta Ci prior to the site investigation. A well drilled adjacent
to the corner of this facility showed peak concentrations of 2.5 x 1073 ~Ci 137Cs/g of soil at

32 feet (9.7 meters) below the surface,

216-$-7 Cribs. This facility consisted of two 50-foot (15 meter) square timbered cribs operated
in paraliel. A replacement for the S-1 and -2 Cribs, it received 3.8 x 10% liters (1.0 x 10% gal-
lons) and ~3.0 x 10° gross beta Ci between January 1956 and Ju1{ 1965, This waste contained
approximately 3000 Ci of 9Sr and 500 Ci of 137Cs, A maximum !37Cs concentration of 13 uCi/g of
soil and 196Ru concentration of 18 uCi/g of soil occurred at 21 feet (6.4 meters) below ground
surface in a well drilled 25 feet (7.6 meters) from the center of one of the cribs (Fig-

ure I1.1-C-41). Strontium-90 concentration peaked at ~3 pCi/g, also at 2] feet (6.4 meters)
(Fiqure II.1-C-42}, The nuclide concentrations draopped sharply and were less than detection
1imits (<1 x 10~% uCi/g) below 150 feet (45.7 meters). Results in a second well drilied adjacent
to the other crib showed peak concentrations of 137¢Cs at 1.5 x 102 uCi/g and %0Sr of ~6 x 1072
uCi/g of soil. Concentrations of the nuclides beyond 150 feet (45.7 meters) beneath the surface
were below detection limits.

216-5-9 Crib, The 216-5-9 Crib facility was drilled after having received ~3.0 x 107 liters
{7.9 x 10° gallons) of waste containing ~9000 gross beta Ci. Two wells showed only a Tow level
of 99Sp {~1 x 1075 uCi/g) at 140 feet {42.7 meters), with no long-Tived nuclides detected below
that level.
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216-7-9, 216-2-12. Wells drilled around the periphery of the 216-Z-9 and 216-Z-12 Cribs indi-
cated that sediments located a short distance beyond the boundaries of the Cribs had been only
slightiy contaminated with alpha by the lateral spread of the waste liquids.

Gable Mountain and B Plant Ponds. Although these waste waters are normally uncontaminated, equip-
ment malfunction has infrequently allowed some radiocontaminants to enter the ponds. A well
drilled at the east end of B Pond showed a very low 137Cs concentration {5 x 10 uCi/g of soil).

A well drilled at the north side of Gable Mountain Pond showed no long-lived radionuclides in the
so1l samples,

11.1-C.4 Inventory Estimates Above the MWater Table

In 1967% the results from the additional explovatory drilling in 1966 at 11 major crib sites were
used to estimate the maximum concentration of long-lived radiocontaminants (®%Co, 137Cs, and
305r) contained in the soil column 25 feet (7.6 meters) above the existing water table at waste

disposal facilities in the 200 East Area and 20 feet (6.1 meters) above the facilities in the
200 ¥est Area.

A total of ~27 curies of 99Sr, 17 curies of 137Cs and »15 curies of $9Co were estimated present

within a 25 foot (7.6 meters) zone and 20 foot (6.1 meters) above the water table in the 200 East
and 200 Mest Areas, respectively.

In 1971 an empirical relationship was developed from which quantities of cesium, strontium, and
ruthenium in the lowermost 50 feet {18 meters§ of the vadose zone above the water table were
estimated. Forty-two cribs (Figure I1 1-C-43 and Table 1I.1-C-20c) were identified where quantities
of these radionuclides were discharged to ground. The total inventory calculated for the Towest

50 feet (18 meters) of the vadose zone was about 2000 Ci of ruthenium and about 400 €1 of
strontium plus cesium.

I1.1-C-56
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1

10
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14

15

16

17

18

19

20

21

22

Pepth to
Number Ground- Colum,
0fficial Designation of Site water, ft Yolumes
and Monitoring  (Approx  of KWaste Site
No. Waste Description Wells Meters) Discharged Mo.
216-A-5 5 310 102 24
Process Condensate {95)
216-A-6 1 270 148
Steam Condensate (82)
216-A-8 7 260 20
Tark Farm Condensate (79)
216-A-9 4 295 80 25
K-Reactor Decontamination {50}
Wastes & Acid Fraction-
ator Wastes
26
216-A-10 2 315 nz
Process Condensate (96)
216-A-21 1 315 n z7
Ammonia Scrubber and (96)
Laboratory Wastes ’
216-A-23A & B 0 295 85
241-A Fan House Drain {90) 28
216-A-24 5 2860 45
Tank Farm Condensate {79)
216-A-30 3 295 46
Steam Condensate {90}
216-8-7 3 220 [
224-8 Building Waste, (57}
5-6 Cell Drain & 221-B
Construction Water 2¢
216-8-8 9 220 0.5
224-B Building Waste, (67}
5-6 Cel] Drain & 2nd 0
Cycle Haste
216-B-9 8 270 0.6
5-6 Cell Drain & (82} kX
2nd Cycle Waste
216«B=104 1 295 0.9
222-B Building & 292-8 (90} 32
Buildihg Wastes
216-B-108
B-Plant R-13 Building 33
Wastes
216-B=11A & B o2 220 4 M4
242-B Buiiding Conden- (67}
sates
216-B-12 8 295 30 a5
U-Plant & B-Plant (90}
Process Condensates
216-8-14 through 216-B-34 22 325 0.6 36
and 216-B-52 (99)
Scavenged Waste
216-8-53A & B, 216-B-54
and 216-B-58 k¥
300 Area Laboratory Waste
216-8-43 through 216-8-49 11 215 0.5
Scavenged Wastes {66) .
216-B-50
ITS Waste
216-5-1 & 216-5-2 20, 200 42
Redox Process Condensate (61} 3
216-5-6 1 190 67
Steam Condensate {58)
216-5-7 4 210 47 39
Process Condensate (64)
216+5-9 4 200 23
Process Condensate (61} 40
216-5-20 0 220 330
222-5 Building & 300 (67) 4
Area Laboratory Wastew
216-5-2] 1 150 22 42
Tank Farm Condensate {58}

te

23

TABLE II.1-C-20¢

ESTIMATE OF WASTE VOLUMES IN THE VADOSE ZONE

Official De:ignatiun

an
Waste Description

216-T=5

2nd Cycle Wastes &
241-T=-112 Tank Waste
216~T-7

224-T Building, 5-6 Celi
Drain & 2nd Cycle Wastes
216~T-32

224-T Building Waste

216-T-6
224-T Building & 5-6 Cell
Pratn

216-T-8
222-T Building Laboratory
Haste

216-T~19

224-T Building, 242-T
Building, 5-6 Cell Drain,
2nd Cycle, & Waste
Evaporator Wastes

216-T-26

Scavenged Waste

216-T-27

Decontamination, Scavenged
and 300 Area Laboratery
Wastes

216-T-28

Dacontamination and 300
Area Laboratory Wastes

216-1-33
224-T Building & 2705
Building Wastes

216-T-34
300 Area Laboratory
Waste

216-7-35
300 Area Laboratory
Waste

216-T-36
Decontamination Waste

216-U-1 & 216-U-2
Decontamination Wastes

216-U-4A & B
222 Building Laboratory
Waste

216-U-8
Process Condensate &
Stack Drain

216-0-12
Process Condensate &
Stack Drain

215-2-1 & 216-1-2

D-5 Tank, 236 Building
and 242 Building Wastes
216-2-3

b-6 Tank Waste

216-I-1A, B, 6 C

236 Building & 242
Building Low-5a1t Waste

216-2-5

231 Building Process
Wastes & 300 Ares
Laboratory Wastes

216-1-7
231 Building & 300 Area
Laboratory Wastes

216-2-9
Recuplex Low-Salt Waste

216-2-12
D-6 Tank Waste

216-2-16
231 Building Laboratory
Waste

I1.1-C-58

Dapth to
Rumber Groung= Column
of Site water, ft Volumes
Monitoring  {Approx of Waste
¥ells Meters) DPischarged
14 200
(61}
11 240 8
{73}
o 280 0.06
(85)
5 190 )
(58}
] 200 0.8
(61}
i 240 22
73
2 240 ]
{73)
4 220 0.2
(67)
2 200 0.05
(81}
1 220 .7
(67)
Q 240 12.5
{73)
4 240 40
{73}
3 240 13
(73}
20 190 3
{58)
9 200 ]
(61)
7 200 3
{61)
a 190 0.5
({58}
8 190 9
{58}
2 200 74
i {61}

~
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11.1-C.5 Exploratory Driiling in Actinide Trenches

Since 1966, additional exploratory wells have been drilled through the bottom areas of two inac-
tive actinide trenches containing greater than 10 kg of pu; the 216-Z-9 Trench and the 216-Z-TA
Tile Field.

Ii.t-c.5.1 216-Z-9

The 216-Z-9 Trench (Figure 11.1-C-44) is an enclosed underground cavern which received actinide-
bearing waste Tiquids {~4 x 105 1iters) from plutonium processing operations between 1955 and
1962. A detailed examination of the distribution of actinides within the first 60 cm (24 in.)
of sediments below the trench floor was carried out in 1973.5 The locations of the access holes
from which the sediment samples were obtained are shown in Figure 1I.1-C-44. The region of mea-
sured maximum actinide concentration was in the vicinity of access holes B, G, and H. In 1974,
bore hole "H" was driiled to a depth of 14 meters {46 feet). The approximate concentrations as
a function of depth are given below.

ACTINIDE CONCENTRATION, "G" BORE HOLE ACTINIDE CONCENTRATION, "H" BORE HOLE
Depth Below 239y pCi/liter  24lAm Depth Below 239y uCifTiter  241Am
Trench Floor of sediment uCi/titer Trench Floor of sediment uCi/1iter

2cm ( 0.8 in.) 1 % 106 1 x 105 5 cm i 2 1n.; 1 % 106 1 x 105
30 em (12 in.) T x 10 1 x 103 30 em {12 in. 6 x 103 T x 102
60 cm {24 in.) 6 x 108 6 x 102 7m (23 ft} g x 10} 3x 100

14m (46 ft <9 x 10-1 Tx 107!

In general, the concentration of 23%Pu in the "H" bore hole decreases by two orders of magnitude
from the 5-cm (2.0 inches) to the 30-cm (12 inches) depth and by four orders of magnitude from
the 30-cm {12 inches) depth to the 14-m (46 feet) depth. The water table lies at a depth of
approximately 30 meters (98 feet) below the bottom of the "H" hole,

N3N20
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FIGURE I1.1-C-44 216-Z-9 TRENCH SHOWING LOCATIONS OF ACCESS HOLES

11.1-C-59



The location of mineral-waste reactions associated with alpha activity was defined by the exposure

of prepared 216-2-9 sediment samples to alpha-sensitive film.5 Figure II.1-C-45 shows several .
positive prints from these films. In positive prints of the film negatives (autoradiographs), N
areas of high alpha concentration appear black. Sediment grains associated with areas of alpha .-
contamination were subseguently identified by electron microprobe analysis. The alpha activity

generally appears to be associated with reaction rims enclosing fragments of metamorphic and

basaltic sediment grains.

11.1-0-5.2 216-Z-1A

The 216-Z-1A facility (Figure I11.1-C-46) is an underground tile field Tying approximately

3.5 meters (12 feet) below the ground surface. The site received actinide-bearing Tiquid waste
[+6 x 10% liters {1.5 x 10% gallons)] from the plutonium processing operations between 1956 and
1969, In 1974, two wells were drilled through the bottom of the tile field at the head-end ("a"
test hole) and at the far-end {"c" test hole) of the central distributor pipe (Figure 11.1-C-46).

Analyses of sediment samples from these wells indicate that the greatest measured concentration
of actinides occurs within 0.5 meters (1.6 feet) below the bottom of the distributor pipe. The
approximate concentrations of plutonium and americium determined from bore hole sampies are
given below:

Depth Below "a" Test Hole "c" Test Hole
Bottom of 239pu Zh}Am 123‘3pu 2H1Am
Tile Field _ uCi/liter pCifliter wCi/liter uli/Titer

meters of sediment of sediment of sediment of sediment

0.5 {1.6 ft.) 3 x 104 A1 x 103 1 x 104 ~2.0 x 102

2 (7 ft.) 4 x 102 ~4 x 10! g x 102 8 x 10!

8 (26 ft.) a3 x 10! 6 x 109 ~4,5 x 10!

17 {36 ft.) ~3.5 x 10t <1 x 109 4.0 x 10!

Concentrations of plutonium below the 2-m {7 feet) depth at the "a" site are below the limit of
detection of the analytical method then employed (<4 x 10° uCi/liter} for the routine analysis

of these sediment samples. In general, the concentration of 23%Pu in the "c" test well decreases
four orders of magnitude from the 0.5-m (1.6 feet) depth to the 11 meter {36 feet) depth. The
water table lies at a depth of approximately 40 meters (130 feet) below the bottom of the "c"

test well., »

Auturadioyraphic ezamination revealed that the mineral waste reactions occurring in the sedi@ent
beneath the 216-Z-14 are also associated with the altered surfaces of metamorphic and basaltic
ruck fragments (Fiqure I1.1-C-45) similar te those observed samples from the 216-Z-9 site,

METAMORPHIC QUARTZ PLUTONIUM IS ASSOCIATED
1YPE ,/’,/ WITH DARKENED AREAS
kY ] -
“ .
» F 1

N

f. Selactive Concentration of Alpha
ani.t rs by Rock Type and/or Mineral

A4 B Ara Photomicrographs
A' % &' Are Alpha Sensitive
Astoradiographs

I oIy
; T,

£
. ‘.-':I.Tg 4 .a"‘- "

B. Disintegration of Basalt Fragment Due fo
Chemical Attack by Acid Waste

FIGURE I1.1-C-45 AUTORADICGRAPHS OF SEDIMENT GRAINS 1
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TABLE 11,1-C-2]

1ANK WASTE INVENTORY SUMMARY 1968-1980 (IN MILLIONS OF GALLONS)

WASTE STARUS CURRENT
1968 WASTE
1PEAX WASTE VOLUME) STATUS 1972
NN BOILING NOR- BOILING
-
4%
5 pvap, FEED 36 INEERSTITIAL
BOTIOMS LIGUID 8 LIQUID 3
BUSLING BOILING
Y 07
- 1
T 1
e v o o
10 BE PROCESSED AGING 1
FOR S1 AND Cs REMOVAL 10 BE SLUICED
FOR Sr AND Cs
REMOVAL
LIQUID 61 LIQUID 48
soLD 36 soup 2
AL 77 AL TO

WASTE STATUS
1976

NON-BOILING

EVAP, FEED 0
BOTIONS LIQUID 6 LIGUID 7
BOILING

1
d
AGING }
0 GALLONS
70 8€ SLUITED
LIQuID
souD 3
0TAL 51

TABLE 11.1-C-22

)

<1

WASTE STATUS
1980

NON-BOILING
TN

7 \
INIERSTITIAL  BOTTOMS  INTERSTITIAL

LiQuID L5 uQuIp 1

BOILING

Y

AGING<]

O GALLONS
T0 BE SLVICED

uauie 3
soup 47
T0TAL %0

ESTIMATED INVENTORY AND CHARACTERISTICS OF. SOLIDS STORED IN TANKS - YEAR ]980(3)

Gallens (Hillions}
Number of Tanks
Radionuciides (Cifgai) {b)
3 Cs
905y
23%y

Average Composition (wt%)

Chemical
RaNO4
NaNOz
NaGH
NaAlD2
NazC03

Other

{Fe, S04, PO,)
Water of Hydration
Bulk Density (g9/cc)

iigh Heat Sludge

Salt Cake Sk Farms
38 0.6
73 7
0.6 5.0

3x 072 50

4 x 107 4 x 1072

In Tank

Solidi-  Neutral-

fied jzed

Waste HWaste

80 20 a5

4 1 7

10 1 5

1 2 20

2 1 10
1 25 3
2 50 10
1.8 1.8 2.0

Other
Sludges

8
72

0.3

§x 107"

75

18
2
2.0

{a} Currently the tanks contain approximately the following amounts of actinides:
uranium-865 metric tons, thorium-15 metric tons, plutonium-380 kg and

neptunium~7.5 ke,

Much smaller quantities of americium and curfum are

present in the tanks, and trace guantities of other actinides may exist in

the tenks.

{b) The estimated inventories [or concentrations) of radionuclides are reported

to one significant figure to reflect the uncertainty in the data.
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TABLE 1I,1-C-22a

MAJOR CHEMICALS (METRIC TONS)

LIQUID PHASE ) SOLID PHASE
NaQH NaMO2 NaN03 NaND2 ggegge 53294 Volume, gal NaNO3 NaNO2 NaOH NaA102 ggagga Volume, gal
A FARM
1000 1000 2000 1000 60 kit} 2,360,000 500 40 50 5 20 147,000
A%, AY FARM
600 800 1000 800 200 20 3,520,000 1000 50 200 30 30 306,000
B FARM .
400 600 1000 500 100 20 1,720,000 10006 500 2000 200 300 2,550,000
BY FARM
1000 2000 z000 1000 300 30 2,910,000 20000 1000 2000 200 500 4,450,000
BX FARM
3006 500 600 600 200 10 1,790,000 5000 40C¢ 1000 100 200 1,510,000
C FARM
400 500 900 200 900 50 2,760,000 5000 400 1000 100 200 1,690,000
S FARM
2000 1000 2000 1000 300 30 2,380,000 20000 1000 3000 300 500 4,960,000
SX FARM
1000 1000 4000 1000 200 20 4,110,000 5000 500 500 3000 1000 1,770,000
T FARM
90 8¢ 300 200 90 20 754,000 10000 400 1000 100 200 2,220,000
TX FARM
1000 3000 9000 3000 500 300 5,590,000 30000 1000 3000 300 500 6,220,000
TY FARM
100 200 700 200 40 20 476,000 4000 200 400 a0 100 749,000
U FARM
100 200 900 100 &0 40 1,280,000 3000 200 400 a0 50 674,000

{a) The chemical characteristics for individual tanks within each farm do not vary significantly from
the average for the entire farm. A1l tanks contain large concentrations of sodium nitrate, sodium
hydroxide, sodium nitrite, and sodium aluminate. While records are available on the past history
on chemical characteristics of the contents of all waste tanks, the task of compiling these
veluminous data into report form would be costly and time consuming.
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JABLE I1.1-C-22b

SX TANK FARM-VOLUME AND CONTENTS(?)
{January 1975}

Tank Sludge Volume, ‘ Liquid Volume,

{(5X) K Gal . K Gal Contents

101 466 457 242-5 terminal liquor
102 17 492 242-5 bottoms supernatant
103 79 850 . Dilute evaporator feed
104 139 787 Dilute evaporator feed
105 37 899 Dilute evaporator feed
106 1 237 Dilute evaporator feed
107 109 0 Dry sludge/air cooling
108 87 0 Dry sludge/air cooling
109 257 0 Dry sludge/air cooling
110 32 ' 388 Dilute evaporator feed
1 125 0 Dry sludge/air cooling
112 106 0 Dry sludge/air cooling
113 6 0 Dry sludge

114 200 0 Dry sludgefair cooling
115 6 0 Dry sludge

{a) Tanks 102 through 106-SX contained nonboiling waste and are to be used for 242-5 sait

cake storage. Tanks 107 through 115-SX formerly contained boiling waste. Tank 101-SX
is currently being used to store terminal liquor from the 242-5 Evaporator.

The 108-SX prototype sludge cooler successfully demonstrated the concept of air cooling
sludges. A permanent sludge cooling facility has been provided for the 241-5X boiling
waste tanks. Air is drawn through each tank to a common exhauster header, The exhaust
air is preheated, filtered to remove particulate matter, and discharged via a centri-
fugal blower to the atmosphere. The air flow to each tank is controlled by butterfly
valves. The current plan is to solidify the liquids and continue to air-cool the hotter
sludges until a final disposal method is developed.

Other than the A and AX Tanks, most tanks containing sludges have never been scheduled
to be sluiced since the concentration of strontium is sufficiently Tow that removal is
not necessary. Since Tank 105-A, which has leaked, contains sludges which do have
high concentration of strontium, the need and procedures for removing the sludge are
being evaluated.

Principal documents are available related to sludge retrievability or safe management:
G. E. Backman, et al., Chemical Processing Department Hazards Evaluation In-Tank
Waste Splidification - Project CAC-965, EE-SEP-GS, November 1964,

P. Hatch, et al., Chemfcal Processing Department Hazards Evaluation, TK-108-SX
Stabilization Prototype, I$0-937, June 1967,

F. K. Pittman, Plan for the Management of AEC-Generated Radioactive Wastes,
WASH-1202, July 1973.
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TABLE TI.1-C-23

ESTIMATED INVENTORIES(®) RADIOACTIVE LIQUID WASTE
70 GROUND 200 AREAS

Dacay Through 1972 (From Startup) 200 East ,
To Ponds Te To Specific (b)
Units and Ditches Cribs Retention Sites Total
Yolume (1) 0.3x10'% 0.2 x 10" 0.1 x 10° 0.3 x 10'2
Pu (g) <0.7 x 10° 0.1 x 10° 0.4 x 10° 0.1 x 10°
Beta (¢i) 0.6 x 10° 0.6 x 10° 0.4 x 10° 0.1 x 108
80, (ci) 0.1 x 10* 0.1 x 10° 0.8 x 10° 0.2 x 10°
106p,, (ci) <0.3 x 10° 0.2 x 10% 0.3 x 10° 0.3 x 10?
137¢g (ci) 0.4 x 10° 0.8 x 10% 0.1 x 10° 0.2 x 10°
60¢, (Ci) 0.3 x 10% 0.1 x 10° . 0.2 x 10° <0.2 x 10°
U (kg) <1.0 x 10% 0.3 x 10° 0.5 x 10° 0.8 x 10°
233y (9) <0.5 x 10° 0.5 x 10° <1.0 x 104
Decayed Through 1972 {From Startup) 200 West
Volume (1) 0.2 x 10]2 0.1 x 10n 0.8 x 108 0.2 x 10.|2
Pu (g) 0.8 x 10* 0.8 x 10° 0.9 x 10° 0.2 x 108
Beta (ci) 0.4 x 10° 0.3 x 10° 0.2 x 10° 0.5 x 10°
90s,. (ci) <0.1 x 103 0.6 x 104 0.2 x 10° 0.7 x 10°
106, (¢i) 0.2 x 10} 0.9 x 10° 0.2 x 10! 0.9 x 10°
137 . 2 4 5 5
Cs (Ci) <0.9 x 10 0.5 x 10 0.1 x 10 0.2 x 10
60¢4 (ci) <0.9 x 10! 0.3 x 10° 0.3 x 10! <0.4 x 10°
u (kq) <0.6 x 10% 0.4 x.10° 0.1 x 10* 0.4 x 10°
233U (g)
Decayed Through 1972 (From Startup) Total 200-E + 200-W
Volume (1) 0.5 x 10]2 0.3 x 1011 0.2 x 109 0.5 % 1012
Pu (9) 0.9 x 10° 0.9 x 10° 0.9 x 10° 0.2 x 10°
Beta (cH) 0.7 x 10* 0.9 x 10° 0.6 x 10° 0.2 x 106
?OSr (ci) 0.2 x 10t 0.2 x 10° 0.8 x 10 0.3 x 10°
]OGRu (ci) <0.3 x 10° 0.2 x 107 0.3 x 10° 0.3 x 10°
37¢s (ci) 0.5 x 10° 0.1 x 10° 0.2 x 10° 0.4 x 10°
60¢, (ci) <0.4 x 10°  <0.2 x 10° 0.2 x 10 <0.2 x 10°
0 (kg) <0.7 x 10° 0.6 x 10° 0.5 x 10° 0.1 x 108
233y (g) <0.5 x 10° 0.5 x 10° <1.0 x 10t

(a) The estimated inventories (or concentrations) of radionuclides are reported to one
significant figure to reflect the uncertainty in the data. Where the estimated
inventories are noted as less than (<), the recorded inventory is based on the

analytical 1imit of detection. ‘
(b} Totals do not necessarily equal the sum of individual contributions because of

rounding of the data.
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TABLE I11.1-C-24

ESTIMATED DECAYED STATUS OF S0LID HASTE(a) BURIAL GROUNDS
I§ THE 200 AREAS THRGUGH 1972

BURJAL GROUND
YOLUME URANTUM  PLUTONJUM  TOTAL 90g,, Vg 105,

200 EAST AREA (CUBIC FEET) (GRAMS)  (GRAMS)  (CURIES) (CURIES) (CURIES)  (CURIES)

DRY WASTE NO. 001 1ax10® ax10®  9x10? sx10° 1x10® 1x10® 9xi0”?

DRY WASTE M0, 124 5.4x10° 1x10%  9x10® 7x0 1x10! 2xw  3xi0]
DRY WASTE MO. 128 26x10° 7x10° 1x10° 2x10° 2xi0° 2xi0®  6x10

NINOR CONSTRUCTION WO, 4 5.6 x10%° 1x108  1x10' s5x10677 1x30°0 1x10? 2x10f
CONSTRUCTION (0 KMBER) 8.0 x10°  2x10° . 2x10' 6x107' 1x107 z2x101 3x10°
222 VAULTS 6.0x100 1x10°  1x16® 3x100 7x10® gxw? 6x06
INDUSTRIAL WASTE ¥0. 002 3.2 x10° 3x10° 8x130%2 1x10° 3x10° 3x108 6x10

INDUSTRIAL WASTE NO. 005 1.1 x10° 1x10° 6x10% 4x108 1x10° 1%x10° 2x107°
INOUSTRIAL WASTE W0, 052  2.2x10° 1x16° 1x103 1x10% "2x1f 2x10% 3x107?
INOUSTRIAL WASTE ¥0. 010 5.3 x10° 8x10° sx10° 5x10° 4x108 s5x10° 2x10°

ToTAL 200-£(P) 22x10% 3x10® 21t ex10' sx10® sx10® zx10?
BURIAL GROUND 90 106 137 GTHER
VOLUHE URANIUM  PLUTOKIUM  TOTAL or u RADIOACTIVE
200 WEST AREA (CUBIC FEET) (GRAMS)  (GRAMS)  (CURIES) (CURIES) (CURIES) (CURIES)  (CURIES)
ORY WASTE ND. 001 26%10° 7x1°  sx10® 9x1® 2x10® 2x10% 2x10°
DRY WASTE NO. 002 3.0x10° 1x10% 1x10® 3xiwl sx1® 1 xi0t 7x0?
DRY WASTE NO. 003 2.0x10° 7x100  7x10* sxw! 1x30  3x102 1x10
222-T VAULTS 2.4x10° 3x108 3210 ax10l 9x10® gx10% 1x10
2225 VAULTS 5.6x10° 7w 7x10t 2x108 sx10'! ex1w0? 6x10
INDUSTRIAL WASTE NO. 001  4.8x10° 9x10° 2x10° 2x10° 6x10° 1x10° §x10°
INDUSTRIAL WASTE W0. 002 6.7 x10° 2x168  6x10° 2x10' 2x10° 1x108 sx10°
DRY WASTE KO, 03A 1.8x10° ox106  ax108 1x10° ax1wd 1x1w08 3xw0f  1x10°
ORY WASTE NO. 04A 6.2x105 s5x108  axwt 3x10? sz 2x10? 5x10
DRY- KASTE HO. 048 20x10° ax10®  2xwt 2x10® 21x102 sxi0) | 3xd zx0d
CAISSON - HO. 1 © 22x10% 2x10°  sxi0f 1x10f? 1x10' 2x10°  2x10
CAISSOH - MO, 2 8.0 x 10° sx100 3x10° 4x10 axt0? 4x107
CAISSON - NO." 3 .7x168 1x10°  5x10% 3x10® 3x10f sxi0'  4x0f
CAISSON - NO. 4 545100 s5x10t  7x10? txid 1xi10d ax10d 7x0d
CAISSON - ALPHA T 2,0x10° ax10'  1x10° axwt 7x102 ax10? 7xw0? 1kt
T0TAL 200-u(®} 3.2x106 6x10%  ax10® . ax10® 7x100 1x00 7x100 3x10°
T0TAL 200 AREAs (D) 5.4x105 6x18  ax10® . sx10® 1x10' 3x108 1x0'  ax10®

{2}, The estimated inventories or concentration of radionuclides are reported to one significant figure

to reflect the uncertainty in the data, )
(b)Y Totals do not necessarily equal the sum of individual contributions because of rounding of the data,

TABLE II.1-C-25
PUREX EQUIPMENT STORAGE TUNNELS[aj INVENTORY(b)--SEPTEMBER 30, 1973

Tunnel Ho, 1 Tunnel Ho. 2 Tnta'l(cj

volume, f2’ 20,000 20,000 40,000
Totai wrp, cit® 6,000 20,000 30,000
Msr, ¢ 1,000 a0 1,000
106, ¢4 ) ? 8
137, € 1,000 40 1,000
0o, c - 20,000 20,000
239I>u. g -= <500 <500

{2} Currently the distribution of waste plutonium stored on the Hanford
site i5 40X in tanks, 39% in solid sites and 21% in Viquid disposal
sites, The total amount of plutonium in these sites §s estimated
to be 940 kg = 30%. Although to retrieve essentially all of the
plutonium is technically feasible, it may not be economically justiffable,

{b The estimated inventories {or concentrations} of radionuclides are
;epnrr.ed to one significant figure to reflect the uncertainty in the

ata. B .

(c} Totals do not necessarily equal the sum of individual comtributions
because of rounding of the data,

(d) Curies shown are decayed to September 30, 1973.

e
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TABLE II.1-C-26

SUMMARY OF RADIONUCLIDES IN GASEOUS WASTE
DISCHARGED FROM 200 AREA FACILITIES DURING 1972

291-A-1
Purex Process -

Volume 6.32 x 10'° (ft%)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration {uCi/cc)
*As Pu

296-A-1

Purex K and Q Cells
and PR Room

Volume 3.69 x 10° (£t}

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate' (Ci/day}

Avg. Concentration (uCi/cc)
*As Pu

296-A-2

Purex West Sample
Gallery Hoods

Volume 2.27 x 10° (£t3)

Total Release (C§)

Avg, Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentratfon {pCi/cc)
*As Pu

296-A-3

Purex East Sample

Gallery Hoods 9 3
Yolume 2.37 x 107 (ft”)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration (uCi/cc)
*As Pu

296-A-5

Purex Lab Hoods and
Glove Boxes
010

Volume 1.32 x 1
Total Release (Ci)
Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration {uCi/ce}
*As Pu

296-A-6

Purex East Sample
Gallery ‘and U Cell

Volume 6.85 x 107 {ft)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration (uCifece)
*As Pu

(£t3)

Alpha* Beta 13]1
3xw03 0t oz
8 x 10 1510 8 x 10
4 x 1078 2 x 1073 2 x 1073
1x10712 2 x10710 1x10710
1x107°  ax107

3x 10“2 15107

- -5

2x10 2x10

2x101% gx10 !
"ax 1078 2% 107t

8x 1077 5 x 1077

4x10°8 9 x. 10”7

sx100% 3 x0M!

3% 1078 4x10™

8 x 107 1x 1077

7 x10°8 3 x 107

ax10 6 x 10713

2 x 10': 3x 10';

5 x 10 8 x 10

1x107 1x 1076

s5x100%  axw0 P

§ x 10°° 2 x 1073

2x10°® 6 x 1078

7 x 108 3x107°

3x10° % 1xw0V
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TABLE I1.1-C-26 {Continued)

296-A-7
Purex West Sample
Gallery and R Cell

Yolume 1.05 x 1010 (fta)

Total Release (Ci)

Avg. Release Rate {C1/day)

Max. Release Rate (Ci/day)

Avg. Concentration (uC{/cc)
*As Pu

296-A-8

Purex P & 0 Gallery

(White Room) 9 3
Volume B.96 x 107 . (ft°)

Totat Release (Ci)
Avg. Release Rate (Ci/day)
Max. Release Rate (Ci/day)
Avg. Concentration ({uCifcc)

*As Pu
296-A-10
Purex Burial Tunnel
No, 2

9 3

Volume 5.16 x 107 (ft3)
Total Release (Ci)
Avg. Release Rate {Ci/day)

Max. Release Rate (Ci/day)
Avg, Concentration (uCifec)
*As Py

296-A-12
AR Vault VYessel Vent

Volume 1.76 x 10° (g%

Total Release (Ci)

Avg. Release Rate {Ci/day)

Max, Release Rate (Ci/day)

Avg. Contentration (uCi/fce)
*As Pu

296-A-13

AR Vault and
Cell

Yolume 1,08 x 10'C (f£3)

TJotal Release (C1)

Avg. Release Rate (Ci/day)

Max. Release Rate {Ci/day)

Avg, Concentration (pCi/cc)
*As Pu

296-A-14
293-A Bldg.

Volume 3.16 x 10° (ft3)

Total Release (Ci}

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Ava. Concentration [(uCifec)
*As Pu

Alpha* Beta 1314
1x107° 0
8 x 10': 4 x 10"
- .3

Iix10 4 x10
121013 5410712

5 x10% 4 x10"

1 %108  yx0°

7 x10°8 1 x 1073

2 xwH 212

-5 -4 “

3x10 4x10
8 x 10-8 1 x 10-6.
8 x 1077 7x10°°
2x207'% 3x10712
3 x w7 1x 10°4 2 » 1073
92107 4 x107 g x 106
2310 2 x 1076 4 x10°°
7x10° 3x07" 5 x 10°10
2 x 1073 3 x 1073 2 x 1073
4 x wE 7 x 1078 g x 1078
8 x 1078 5 x 1073 4 x 1075
5x107% 9 x1071? 8 x 10712
3x10° 3x 10°°
gx10? g xi08
7 x 1078 6 x 1077
3x107M gx07
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TABLE 11,1-C-26 (Continued)

296-A-17

241-A, AX and AY

Tank Farm Vent

Volume 2.64 x 10° (ft
Total Release (Ci)
Avg. Release Rate (Ci/day}
Max. Release Rate {Ci/day}
Avg. Concentration (uCifec)

*As Pu

%

296-A-18
101-AY Tank Annulus

Volume 1.26 x 10° (£t3)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate [Ci/day)

Avg. Concentration (uCifec)
*As Pu

296-A-19

102-AY Tank Annutus

Volume 1.26 x 10° (£t3)

Total Release (Ci)

Avg. Release Rate {Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration ({pCifcc)
*As Pu

291-8-1

B Plant Process

Yolune 2.30 x 10'" (5t3)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration (wCifcc)
*As Pu

296-B-2
[75 Ho. 1

Volume 1.84 x 10° (£t%)
Total Retease (Ci)
Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)
Avg. Concentration (uCi/cc)
*As Pu

296-8-3
ITS No. 2

" Volume 2.11 x 108 (£t3)

Total Release ({Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day}

fvg. Concentration (wCi/fcc)
*As Pu

Apha* Beta 131
5 x 107° 3x 1074
1 x 10-8 9 x 107
1 x 1077 5% 1078
6x1071% 410713
121077 4 x 1078
3x107% k0
55107 zxi0®
3x 10 1 x01?
2 x 1077 1 x 1070
7x10710 3410
2 x 107 2 x 1077
7x10°% 3 g0
1x307° 0.2

1 %1077 x 1074
2 x 1077 x 1073
5x 100" 2x 10710
4 x10°° i x 1072
1x 108 4 x 10°5
2 x 1078 3 x 1074
Bx 107 3410710
g x 1077 6 x 1073
2% 1972 2 x 1073
121078 g"x 1077
PPy xe

11.1-C-72



TABLE I1.1-C~26 {Continued)

291-¢-)
Semiworks Process
and Cells

Volume 1.05 x 10'0 (£¢3)

Total Release (Ci)

Avg. Release Rate {Ci/day)

Max. Release Rate. (Ci/day)

Avg. Concentratfon (uCi/cc)
*As Pu

296-C-2

Semiworks A and C

Sample Galleries
Yolume 4,22 x 109 {ft%)

Total Release (Ci)

Avg. Release Rate {Ci/day)}

Max, Release Rate (Ci/day)

Avg. Concentration (uCi/cc)
*As Py

296-C-5

CR Yault Cell apd
Yessel Vent

Volume 1.84 x 10° (ft
Total Release (Ci)
Avg., Release Rate (Ci/day}

Max. Release Rate (Ci/day)
Avg. Concentration (uCi/cc)
*As Pu

3)

'296-P-1 {296-B-11)
8% Tank Farm

Volume 3.69 x 107 (£ed)

Total Release (Ct)

Avg, Release Rate (Ci/day)

Max. Release Rate {Ci/day)

Avg. Concentration {uCi/cc)
*As Pu

296~-P-2 (296-B-9)

ITS Bottoms Tanks

Volume 2.59 x 107 (ft°)

Total Ralease (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day}

Avg. Concentration (uCi/ec)
*As Pu

296-P-3 (296-B-6}
ITS Bottoms Tanks 3
Vojume 3.69 x 109 (ft”)

Total Release (Cf)

Avg. Retease Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration (pCi/cc)
*As Pu

Zipnat Beta 131
7% 'ID-6 2% 10’3
2 x 1078 4 x10°8
4 x108 3 x10°°
2x10°% 5510712
6x107  1x107
2 x 107 3x 108
s x 1072 1 x 10-7
55107 1x107"3
2 x 1078 2 x 1074
5 x 109 5 x 1077
1 x 1078 4 x 1076
4 x 1014 3x107i
2 51077 2 x 107°
5x10710 45108
gx 10710 3107
2x1075 1.0
451078 5 x 1074
1 %1678 I x 1078
3x 108 6 x 1078
5510718 75107t
5x10°%  2x107?
1x 108 5 x 107°
2 x 1078 3% 1077
gx 1071 210"
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TABLE I1,1-C-26 (Continued)

296-P-4 (296-8-8)
ITS Bottoms Tarks

Volure 7.91 x 107 (£t}
Total Release {Ci)
Avg, Release Rate {Ci/day)

Max. Release Rate (Ci/day)

Avg, Concentration (uCi/cc)
*As Pu

296-P-5 {296-C-6)

Tanks 105 and
“106-C

Volume 6.78 x 107 {£:3)

Total Release {Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration ({pCi/fcc}
*As Py

296-P-8 (206-T-4)

242-TX Evaporator
Bottoms Tanks

Volume 3.16 x 10° (ft%)

Total Release (Ci)

Avg, Release Rate {Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration (uCi/cc)
*As Pu

296-p-10 (296-T-10)

242-TX Evaporator

Bottoms Tanks 3
Volume 3.69 x 109 (ft°)

Total Release (Ci)

Avg, Release Rate ({Ci/day)

Max. Release Rate ({Ci/day)

Avg. Concentration (uCifcc)
*As Pu

296-P.11 (296-T-9)

242-TX Evaporator
Bottoms Tanks

Volume 7,91 x 107 (fts)
Total Release (Ci)
Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration ({uCi/cc)
*As Pu

296-P-12 (296-T-11)

242-TX Evaporator
Bottoms Tanks

Volume 3.69 x 10° (£t3)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate ({Ci/day)

Avg. Concentration (uCi/cc)
*As Pu

Alpha* Beta 131
5 x 1078 2 %107
1x16°10 5 x 10-8
3x10°0 3 x1077
2xw ¥ gx071?
8 x 1077 4 x 1075
2 x 107° 1 x 1077
9x 107 4 x107
4 x1013 260
4 x 1076 1x 1074
2 x 1078 6x 1077
“ 351078 1 %1078
5x 1071 2% 10713
5 x 1075 1 x 10°3
1 x 1078 32108
3x1078 1 x107°
sx10°% 1 xq07!
g x 1078 2 x10°°
3x10%0 5y 1078
5§ x10710 1 x 077
4x1071% gx0l2
6 x 1078 6 x 107
2 x 1078 2 x 1078
5 x 10°8 6 x 1078
sxw ¥ 5x0M
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TABLE 1I.1-C-26 (Continued)

291-5-1

Redox Process Vessels
Volume 2.06 x 10'0(£ed)
Total Release (Ci)

Avg. Release Rate (Ci/day)
Max. Release Rate {Ci/day)
Avg. Concentration (uCi/cce)

*As Py
296-5-1
Redox South Sample
Gallery g 3
Volume 1.84 x 107 (ft”)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration {uCi/cc}
*As Pu

296-5-2

Redox North Sample
Gallery and Hoods

Volume 1.84 x 10° (ft
Total Release (Ci)
Avg. Release Rate (Ci/day)

Max. Release Rate {Ci/day)
Avg. Concentration ({uCi/cc)
*As Pu

3

296-5-4
Redox Regulated Shep
and Tool Room and SWP Labby

Volume 1.16 x 107 (£t9)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration ({uCifcc)
*As Pu

296-5-5

Redox Product
Removal Cage

Volume 9,49 x 108 (ft%)

Total Release (Ci)

Avg. Release Rate (Ci/day}

Max. Release Rate {Ci/day)

Avg. Concentration (pCifcc)
*As Pu

296-5-6

Redox Silo Sample

Gallery 9
Volume 6,53 x 107 (ft

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day}

Avg. Concentration {pCi/cc)
*As Py

3

Alpha* Bata 131,
5 x 1078 9 x 107
1 x w07 2 x 1078
2x10 8 x 1070
9 x 10']5 2 x 10°12
17x1w? 1xw?
2 %107 3x1078
g x 1077 9 x 108
1x10%  2x10
3 x 1077 1 x 107
8 x 10710 3 x 1077
1 x 1078 3 x 1078

.15 212
5x10 2x10
7 x 1077 4 x10°°
2 x 1070 1 x 1077
4 x10°° 2 x 10”7
zx10 ) 0712
g x 107 6 x 1078
3x107? 2 x 1078
5 x 1079 4 %108
3x10°% 241013
4 x10°° 2 x 10
1 x 108 ax1077
5 x 1078 3x 1078
3x 1071 1 <002
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TABLE 11,1-C-26 (Continued)

296-5~7
Redox Product (233-5)

Process Vessels and Greenhouse

Volume 4.06 x 10° {ft3).
Total Release (Ci)
Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day}
Avg. Concentration (uCi/cc)
*As Pu

296-5-13
222-5 Laboratory

Volume 3.64 x 10'0 (£t3)

Total Release (Ci)

Avg. Release Rate {Ci/day)

Max: Release Rate {Ci/day)

Avg. Loncentration (uCi/cc)
*As Pu

296-5-14

241-5X Tank Farm
Yent

Yolume 3.16 x 10% (#t3)

Total Release (C1)

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration {uCi/cc)
*As Py

296-5-15

241-5% Sludge

Cooling g 3
Volume 5.27 x 107 (ft7)

Total Release (Ci)

Avg. Release Rate (Cifday)

Max. Release Rate {Ci/day)

Avg. Concentration (uCifcc)
*As Pu

296-5-16

222 S Lab Waste Tanks
and Vault

Yolume 5.96 x 107 (fta)

Total Release (Ci}
Avg. Release Rate {Ci/day)

Max. Release Rate {Ci/day)
Avg. Concentration (pCi/cc)
*As Pu

291-T-1
T Plant

volume 2.1 x 10'0 (£13)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate ({Ci/day)

Avg. Concentration (uCi/cc)
*As Py '

Alphat

I

5 x 10-5
1 x10-7
4 x 107
4 x 10713

X 10‘5

s

1 %10
5 x 1077
5 1074

x 1078
x 107
x 10°
x 10713

ooy =

x 1075

x 10™
x 1077
x 10714

00 = gy —

%1078
x 10-9
x107?
x 10713

o W=

2 x 10-4
7 x 107
3x 08

4 x 10713

.1-C-76

Beta

131

2 x10™
& x 10-7

4 x 1078
2 x 10712

4x1072
1 x 1078
6x 10
3x 1071

441073
1 %1070
4 x 10-5
5x 10710

1078
1077

e
M X X X
—
o

10-12

10
10-7

107
10

oW WY
E I -

-2

x 10'4
x 107

N N o o

e
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TABLE II.1-C~26 (Continued)

296-T-1
242-T Evaporator Hot
Cells

Volume 4.22 x 165 {ft3)

Total Release (Ci}

Avg, Release Rate (Ci/day)

Max, Release Rate (Ci/day)

Avg, Concentration (uCt/cc)
*As Pu

296-T-2

242-T Evaporator
Colid Cells

Volume 4.48 x 108 (ft

Total Release (Ci)

Avg. Release Rate {Ci/day}

Max. Release Rate (Ci/day)

Avg, Concentration .(pCifcc)
*As Pu

3

296-T-3

242-T Evaporator

Vessel Vent

Yolume 1,05 x 108 (fta)
Total Release (Ci)

Avg. Release Rate (Ci/day)

Max. Release Rate (Ci/day)
Avg. Concentration (uCi/cc)
*As Pu

296-T-13
T Plant

Yolume 1.43 x 100 (£t3)

Total Release (Ci)

Avg, Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration {uCi/cc)
*As Py

291-U-1
U Plant

Volume 7.38 x 10° (£t3)

Total Release (Ci)

Avg. Release Rate (Ci/day)

Max, Release Rate {Ci/day)

Avg, Concentration (pCifcc)
*As Pu

296-U-2

Uranium Oxide 224-UA

Filters 8 3
Volume 3.81 x 10° (ft°)

Total Release (C{)

Avg, Release Rate {Ci/day)

Max. Release Rate {Ci/day)

Avg. Concentration (pCifce)
*As U

Alpha* Beta 131
1 %108 3x 1073
3x 1077 9 x 1076
7 x 1079 3x107°
gxw ¥ 3x10710
1 %1078 2 x 1074
31079 5 x 1077
8 x107° 1107
9x10 % 1 x0T
7x107 1 x 1073
2 x 109 3 x 10-6
1 x 1078 1 x 1070
21013 4 410710
1 x 1078 4 %10t
6 x 1078 2x10°®
1x 1077 5 x 1078
3x 107y g0
1 x 1073 1 x 1073
4 5078 3 x 1076
g9 x 1078 5 x 1076
6 x 10714 5510712
8 x 107 2 x 104
& x 1077 2 x 1078
1 %1078 2 x 106
g « 10712 Zx 10_]1
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TABLE I1.7-C-26 {Continued)

2%6-1-4
Uranium Oxide
Ritric Acid Absorber OFf-gas

Volume 7.66 x 0% (ft%)
Total Release (C3)
Avg. Release Rate (Ci/day)

Max. Release Rate {Ci/day)

Avg. Concentration (uCi/fcc)
g U

296-U-5

Uranium Oxide 224-0
f Cell

volume 2.29 x 10° (£t3)

Total Release (Ci)

Avg. Release Rate {Ci/day)

Max. Release Rate (Ci/day)}’

Avg. Concentration ({uCi/fcc)
*As U

296-U-10
271-U Py Storage

Volume 5,32 5 10° (£t}

Total Release (Ci}

Avg, Release Rate (Ci/day)

Max. Release Rate (Ci/day)

Avg. Concentration ({uCi/cc)
*As Py

291-Z-1

IP1ant Process and

Ventilation 1i 3
Yolume 1.26 x 10°° {ft~}

Total Release {C{i}

Avg. Release Rate ({Ci/day)

Max, Release Rate (Ci/day)

Avg. Concentration (uCi/cc)
*As Pu

296-2-3
241-Z vault

Volume 1.32 x 10'0 (£t}
Total Release (Ci}
Avg. Release Rate (Ci/day)

Max, Release Rate (Ci/day)
Avg. Concentratfon (uCifce)
*As Pu

209-E
Criticail Mass Lab

volume 1.21 x 107 (£t%)

Total Release {C{})

Avg. Release Rate (Cimk )

Max. Release Rate (Cimk }

Avg. Concentration {uCifcc)
*As Pu

231-Z
Plutonium Metatlurgy Lab

Volume 5.19 x 10°  (£t3)

Total Release (C4)

Avg. Release Rate (Ciiwk )

Max. Releate Rate (Ci/day)

Avg. Concentration (uCifcc)
*As Pu

Alphat Beta 131
7 %1078 5 x 1073
2 % 108 2 x 105
7 %1078 5% 1077
1x w1 200
2 x 1078 7 x 107t
7 x 1077 3x 108
1x10°8 4% 10°8
3x0 ¥ 1xi070
s x 1077 71076
3% 1977 5 x 1078
2 x 107 6x108
3x07t mxa0lt
3y 107t 2 x 1073
¥ x 1077 5 x 1076
3 %0 zx 1070
sx10¥ g x1013
4 x 1078 5 x 1076
2x 108 2 x 1078
2x 108 2 x 1078
15107 7
w2z 07
<3 %1077
«2 x 108
g x 10718
1 %1075
2 x 107
206
8 x 10714
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Date

JABLE I1.1-C-27
200 AREAS, UNPLANNED RELEASES

Location : Description

Approximate Amounts
of Radionuclides

11-73

8-72

3-N

3-22-70

n-69

10-69

1-69

241-5 Tank Approximately 8,660 gallons of radiocactive

Farm waste solution was pumped out of 2 12-inch

102-5 Tank riser on to the adjacent ground and covered
an area approximately 50 x 200 feet. This
was caused by an unplanned blockage in the
riser. The spill area was irmediately
coverad with a temporary layer of earth to
provide shielding and prevent afrborne
contamination. Final ¢leanup operations
excavated al) of the contaminated soil for
subsequent disposal fn a designated
contaminated burial trench.

221-8, R-13 Excavation of an unencased line {from Tank 18-1,

Utility Pit 221-8 Building to 154-BX diversion box) near the
utility pit at R-13 disclosed a process waste
leak. Radiation measurements taken at bottom of

137
1,000 ¢i 137
1¢i 13

161 5%,

20 ¢i "¥es

the pit read 15 rad/hr within 2 in. of the source,

224-T Building During remedeling of 224-T Building for Pu

southeast side storage, gross alpha contamination was found in
soil on back side of buiiding. The 224-T Build-
ing was originally constructed with vent lines
fram process tanks entering tile piping at
ground Jevel to rear of building. The jointed
tile piping went to & common tile header which
fed into 221-T Building cells, ODuring the years
of process operation, alpha-ladened moisture
seeped through pipe joints and grossly contamin-
ated the subsoil, Excavations of area showed
501l contamination below the surface of an area
50 ft Tong by 12 ft wide by 12 ft dezp. A total
af 139 drums of soil were removed from the zone
cantaining approximately 70 g of plutonium. The
zohe is marked for underground contamination
which remains bealow the header pipe, (It is
believed a similar contaminated condition exists
behind 224-B Building in 200-East Area.)

216-7-18 The 216-2-18 crib line from 234-5 complex broke
waste line at location approximately 6 ft south and 12 ft
near 236-2 west of southwest corner of 236-2 Building.

10 g 2%y
Residual

10 g 3%y

An excavation 25 ft long by 6 ft wide by 7 ft deep

uncovered gross alpha contamination ip soil teo
greater than 6 miilion dis/min/100 cmé of surface
Approximately ene hundred 55-gal barrels of con-
taminated sofl were removed and buried in 200-W
Area Pu "storage for recovery” burial ground.
Much contzmination stil) cemains under 6 ft of
clean soil,

Mear southwest Process transfer 1ine No, 812 from AR Vault to

corner of 241-C Tank Farm was found leaking near southwest

241-C Tank corner of that farm. At that location the line

Farm is B ft deep. antaminated goil zone wes esti-
mated at 1300 ft3, Test wells driven fnto the
ground indicated the contamination did not
extend below a depth of 20 ft.

221-3 to Decontamination of operating gallery, following
216-B-3 + process solution flow reversal from storage
{8 Pond) vessel,

Hear 241-C-152 A leak in the line from Tank 105-C to B Plant
diversion box. was found December 19, 1969. VYolume which
Liquid radip- leaked to ground was estimated at 2600 gal.
active waste The contaminated soil was covered with clean
:ran:fer 1ine gravel.

rea

Rear 241-CR-151 A leak in the line from Purex Plant to 102-C tank
diversion box. was found October 1%, 1965. Volume which leaked
Liquid radio- to ground was estimated at 36,000 gal. Contamina-
active waste tion was covered with clean gravel.

transfer 1ine

break

233-5 Piutonium-contaminated water backed up in 233-%
Filter House drain Yine and overflowed into a
low spot in the ground directly Borth of 233-§
Filter House. An area of 150 yd¢ was affected,
Twenty-eight yards of clean gravel were spread
over the spill,

I1.3-C-80

30,000 ¢i 137cs

50 i 905y

10,000 ¢ 137¢s
300 €{ 144ce
100 Ci 106Ry
300 ¢f 957rNb
100 ¢f 134cs

400 cf 90g-

700 ¢i 137cs

400 €5 144ce
1,000 4 95zrNp
1,000 Ci 103Ry

0.1 g ¥y

N



Date

Location

TABLE I1.1--27 (Continued)

Approximate Amounts

Description

of Radionuclides

9-68

5-66

9-30-60

Early
1960

10~68

1954-55

1954 |

1954

153-TX
diversion
box

Hear 241-B-153

23rd and
Camden Ave.

202-A

B-C Cribs
outer area

221-U Building

Near 241-Bx-153
and 241-BX-155
Ground
Contamination

241-B~153

241-8-152

Leak in
process line
from 105-TX
to 118-7X

Ground and road contamination along Camden Av.
and adjacent ground surfaces resulted from two
piumes of airborne contamination that floated
northeast and southeast from 153-TX diversion
box depositing 9Usr over an area running

250 yd north and south along Camden and extend-
ing from 75 to 100 yd east of Camden. Particles
up to 700 mrad/hr were found. Road contamina-
tion was covered with a new tar mat, sides of
roads were "fixed" with tar, and the field to
the east of Camden Av. was turned under to
cover the particulate material.

A leak in the transfer Vine from 9-2 tank in 221-B
Plant to the 110-B underground storage tank was
found near 241-B-153 diversion box on January 4,
1968. The volume which leaked to the ground was
estimated at 5400 gal, The contaminated ground
was covered with clean gravel.

Liguid waste solution spilled from a broken
underground line on southeast corner of 23rd
and Camden Ave. The liquid surfaced and ran
across the road to west side. All ground sur-
face contamination was removed to a depth of
3 ft and buried in the 200-¥W burial grounds.
The rematning radicactivity was covered to
ground level with 3 ft of clean soil.

During jumper testing on 241-A-151 Diversion Box,
contamination was spread downwind to the south and
outside the 200-E, Area perimeter fence, a distance
of about,1 mile. Radiation levels near the diver-
sjon box were 1 to 3 rad/hr, and just cutside the
exclusion area Fence, general contamipnation was

up to 3000 counts/min. Particulate contamination
was about 50 particles per 100 ft2 just outside the
exclusion %rea and dropped to less than 5 particles
per 100 ftZ 1 mile south of the diversion box.
Ground surface contamination was removed or
stabilized.

Early in 1960 animal burrows were observed in
residue saits in bottom of B-C liquid waste
trenches. Radioactive feces from coyotes and
rabbits were subsequently spread over surrounding
sagebrush-covered desert land to east, south and
west of trenches. The bulk of radicactivity
remaining is fixed in rabbit droppings scattered
over approximately 4 square miles of ground
surface.

Reclaimed acid spilled onto ground at northeast
end of 221-U Building, contaminating an area

65 ft by 90 ft. The spill was covered with

3 in. of sand and gravel,

A spill that occurred during pressure testing
of lines and jumpers in the 155-BX diversion
box caused ground contamination to a maximum
dose rate of 22,6 rad/hr at Eurface. Affected
area is approximately 200 ft<, It was covered
with ¢lean soil.

Contamination spread associated with work being
done in the 153-B diversion box during 1554
and 1955 caused a general bufldup of contamina-
tion. An area 50 ft by 100 ft is marked as a
radiation zone, The contamination was covered
with clean gravel.

An incident which occurred during the spring of
1954 while performing diversion box work contamin-
ated an area approximately 50 ft2, A portion

of the contamination was removed and buried.

The remdinder was covered with several inches of
clean fil1 dirt.

Leakage of first cycle waste was discovered in
1954 with maximum dose rates of 4.5 R/hr observed
at 4 ft above surface of spill. An area approxi-
mately 100 ft by 125 ft was covered with sofl.

3
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TABLE I1.1-C-27 (Continued)

Date Location Description

1954 216-5-207 Basin became highly contaminated from coil leaks
Redox in 202-5 Building. Its use was discontinued in
retention 1954. Basin concrete surfaces were subsequently
basin covered with soil.

1-2-54 Redox During Ru oxidation and scrubbing operations,
the caustic recirculation system was not
functioning properly and about 260 Ci of radie-
Ru were released to the environs via the
ventilation stack. The wind was blowing
in a general northeasterly direction and parti-
culate radio-Ru was deposited on vegetation and
roads extending beyend the Hanford perimeter.
Individual high radiation measurements of
particles were; 7.5 rad/hr near the Redox stack,
400 mrad/hr on the road northeast of the stack,
100 mrad/hr down to 50 mrad/hr between 200-W and
200-E Area and diminishing to 20 mrad/hr northe
east of the 200-E Area.

1953 to  276-5-4 241.5 Tank Farm, 101 and 104 tank condensatt and

1955 Culvert pipes cooling water was piped from 243-5 Tank Farm finto
{cooling water two metal culvert pipes placed on end to a depth
well) of 20 ft. Radicactivity accumulated at bottom

of pipes.

6-53 216-U-7 An. estimated 300 1b of uranium {UKH solution)

’ 221-U VYessel overflowed into the 221-U Building vessel vent
vent blower blower pit and then to ground threough the French
pit French drain. ({This is in the established radiation
drain zone on southeast of 221y Building near R-3

entrance. )

6-53 242-8 to Five Teaks in the 1ine were discovered in June
207-8 1953, No determination of activity below
HWaste Line ground surface was made at that date. The area

was covered with about 2 in. of c¢lean soil.

3-53 241-ER-151 About 1700 gal of contaminated acid was lost to
Catch tank ground through a teaking catch tank. No ground
1eak surface contamination wis detected.

1951 to  216-5-15 A maximun dose rate of 10 rad/hr was observed

1952 {110-5 tank at the surface of the receiving pond east of
condenser 241-5 Tank Farm. It was covered with 2 ft of
coolin dirt.
wastes

1951 to  241-B-151 The area around the diversion box was contaminated

1952 as a result of diversion box work in the fall of
1951 and again in the summer of 1952. Most of the
contamination was removed. That remaining was
covered with approximately 1 ft of clean soil.

1947 221-7, R-19 A leak in underground metal waste Vine at
Waste line southeast corner of 221-T Building in the
leak spring of 1947 resulted in spread of an unknown

amount of activity to ground. A maximum dose
rate of 20 R/hr was detected. The area was
subsequently covered with several feet of gravel.

1946 221-B, R-3 A leak during 1946 from an underground metal
Line leak waste line south of 221-B Building resulted in

spread of an unknown quantity of activity to

an area 100 ft wide by 500 ft in length, A
portion of the ground above the leak caved in
but was subsequently backfilled with several
feet of clean gravel. During subsequent con-
struction activity the major portion of the
radioactivity was excavated and removed to 200-E
Dry Waste Burial Garden.

1946 247-B-154 Metal waste solution was spread over the ground
Ground around the diversfon box as a result of work
Contamination associated with replacement of a leaky jumper in

the box in 1946, The contamination was covered
with approximately 1 ft of clean soil.

I1.1-Cc-82

Approximate Amounts N

_of Radionuciides }

10 Ci
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Waste Storage Tank Leaks. CEighteen tank leaks have occurred through 1974. The number of each
af?ected'tanki the year of occurrence, the estimated volume of leakage in gallons, and the
associated 137Cs are shown below. The letter(s) after the number of each tank indicates their
location by storage area, e.g., the letter "U" is the "U" tank farm, the letters "SX" mean the
"sX" tank farm, etc., The tank farms can be found on the maps attached as Figure II,1-C-42,

The columns next to the 1ist of eighteen tanks include the estimated volume of leakage from each
tank and the associated 137Cs in curies. 137Cs leakage can be used to estimate the maximum
amount of other radionuclides leaked.

Estimated
Vol. of Ass?giated
Year Leakage s
Tank Leaked- (Gallons) (1000 C1) Status
1.  104-U 1958 55,000 0.08 Diatomite added -
Tank Isolated
2. 113-8X 1958 15,000 8 Diatomite added -
Tank Isolated
3. 106-TY 1959 20,000 2 Diatomite added -
' Tank Isolated
4, 101-U 1959 30,000 20 Isotated
5. 108-TY 1960 35,000 4 Isolated
6 108-5X 1962 2,400 20 Sludge Air Cooling
7 105-A 1963 <5,000 - Pumped to Residual
Ligquid Heel
8. 107-S% 1964 <5,000 -- Sludge Air Cooling
© 9. 108-5X% 1965 <5,000 - STudge Air Cooling
10. 115-5X 1965 50,000 40 Sludge Air Cooling
11. 112-5X 1969 30,000 40 S$ludge Air Cooling
12. 102-BX 1971 70,000 50 Diatomite added -
Tank Isolated
13. 108-BY 1972 <5,000 -- Salt Well Pumping -
Isolation in Progress
14. 103-BY 1573 <5,000 - Salt Well and
Isoiation Program
15. 106-T 1973 115,000 40 Pumped to Residual
Liquid Heel
16. 103-TY . 1973 3,000 0.7 Salt Well Pumping -
Isolation Initiated
7. 111-8X 1974 <2,000 2 Pumped to Residual
Liquid Heel
18. 108-BX 1974 2,500 0.5 Pumped to Residual

Liquid Heel

11.1-C-83
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APPENDIX II.1-D

LIQUID WASTE STREAMS T0 THE COLUMBIA RIVER
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TABLE II1.1-D-1
DESCRIPTION OF DISCHARGES

Discharge(a)
Area No. Description
100-8/C 001 Inlet Screen Wash Water and Fish Return

100-B/C 002
100-K 003
100-K 004
100-N 005
100-N 006

100-N 0o/

106-N 008

The 100-B rivér pumphouse serves 100-B Area, the
chemical processing facilities (200 Areas) and other
minor facilities totaling about 19 million gpd. Dis-
charge line permit .001 covers untreated water used to
dislodge and backflush material entrained on the river
pump inlet screens (Figure II.1-D-2).

Leakage and waste water from pumping operations in the
182-B building and overfiow from the 183-B Bagin raw
water storage facility in 100-B Area are released to

the river directly. These facilities are used in trans-
porting water from river pumping structure to the 200
Areas (Figure 1I1.1-D-3).

Inlet Screen Wash Water and Fish Return

Untreated river water used to dislodge and backflush
material entrained on the river pump inlet screens on
the pumping structure serving 100-K Areas is released
directly to the river (Figure II.1-D-4).

Process Drain |

Treated cooling water used for compressors and pumps
and overflow drains from the filter basin are released
directly to the river (Figure II.1-D-5).

Water Storage Tank Farm Qverfiow -

A 36-in. line containing the overflow from the 182-N
tank empties into a concrete chute (Figure II.1-D-5).
This discharge is a part of the approximately 200,000
gpm pumped by the 100-N river pumping facilities. It
amounts to about 500 gpm of overflow from filtered and
raw water storage tanks in the 182-N tank farm. A
small amount of steam from the medium pressure steam
system is included.

Overflow and Floor Drain Discharge

Figure 11.1-D-7 shows the discharge point from the 182-N
building consisting of filtered water overflow and
waste from floor drains into a 12-in, steel pipe to the
river bank. This is also part of the 200,000 gpm
pumped by the 100-N river pumping facilities.

Inlet Screen MWash Water and Fish Return

This discharge consists of untreafed water used to dis-
lodge and back flush material entrained on river pump
inlet screens. The entrained material consists only of
solid matter present in untreated Columbia River water

{Figure II1.1-D-8).

Turbine Condenser Cooling Water

This process waste discharge is a part of the approxi-
mate 200,000 gpm pumped by the 100-N river pumping
facilities . It consists of drive and generator turbine
condenser cooling water and graphite cooling water dis-
charged via a 66-in, line and concrete flume to the
river bank (Figure II.1-D-9). During normal reactor
operating periods the flows are about 65,000 gpm.

{a} Apptication for EPA discharge permit number is 071-0YC-3-000099
covering 14 discharges. !

I1.1-p-2



Discharge
No.

Area

TABLE I11.1-D-1 ({(Continued)

(a)

Description

100-N

100-D/DR

100-D/DR

300

-,

300

300

009

010

on

013

0z

014

bump Condenser Cocling Water

This waste consists primarily of steam condenser cool-
ing water discharged via a 102-in. line to the Columbia
river channel (Figure II.1-D-10).

Inlet Screen Wash Water and Fish Return
Untreated water used to dislodge and backflush material

entrained on the river pump inlet screens is returned
to the river. The entrained material consists onily of
solid matter present in untreated Columbia River water.
The pumping plant serves sanitary needs and process
water to research facilities located in the 100-D Area
(Figure I1.7-D~11).

Research Facility and Backwash Drain

Treated process water used in 189-D and 183-D as
coolant and wash water and in hydraulic test loops is
returned to the river. The test Toops are part of a
research and development facility in support of N
Reactor and other interests. Radiocactive materials
are not included in the test loops {Figure II.1-D-12).

331 Fish Pond Effluent

This stream results from an AEC research effort in
which experimental stocks of fish and other aquatic
organisms are maintained in fresh or treated Columbia
River water. Experiments involve the addition of small
amounts of chemical or temperature increments. This
discharge includes only raw water which is not chem-
ically treated (Figure II.1-D-13),

Filter Backwash

This stream, which results from the normal operation of
the water treatment plant filter backwash, carries
water treatment chemicals as well as silt back to the
river. The small water treatment plant is a conven-
tional design. Aluminum sulfate is added to river
water, a proprietary polyacrylamide called "Separan”

is added as a filter aid, and the water {s chlorinated.
The finished water is used for sanitary and process
needs in the 300 Area (Figure II.1-D-14).

308 Drains

This stream involves cooling water from air condition-
ing chillers and floor drains from the south basement
service area in the 309 Building. The water is ini-
tially from the 300 Area drinking water system and no
chemica!s)or other pollutants are added (Figure
II.1-D-15).

() Application for EPA discharge permit number is 071-0YC-3-000099
covering 14 discharges,
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DISSHARGE W), 010

1N, EL 3705 12* STEEL P1PE
"y
| @ 1

& PROFILE

mall PRoFuE SCALE {MEAN SEA LEVELD. OFT,|

20 IVERTICALY
b1}

0

FIGURE 1I.3-D-11

100-D AREA

CONCRETE
HEADWALL

130 oG p—-200" __.1 ¥ING WALL CACH [HO ® 45°

INLET SCREEN WASH WATER,

1.3
SLOPE DM
10 NAT GRADE

COLUMELA
RIYER

Application for T7A

Dischargt Ho. 013

331 Bldg. Outfal) Steucture

Cb'h-bil l!h-:; Mile 3440
1 K.

April

HIGH WATER ELEV 362'

ELEY 73"
rd

Lone
SPLASH
BLocK RLERAP

lD\t WATER ELEY 338" ML

FIGURE II.1-D-13 331 BUILDING OUTFALL

STRUCTURE
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COLUMBIA

*’%
T

INTAKE

312 .
o
315 a
BLDG HSE \h\':‘ ﬂ
FILTER
PLANT \
¢ QUTFALI

24" ¥v¢
DRAIR LINE

30" HALF RD
CHP

Application for EPA
Discharge No. 012

Filter Plant Qutfall Structure
Columbia River Mile 344.6

Lat. 46° 22' 05'' N.

Leng. 119° 16' 03** W.

April 1973

30" DIA CMP
FULL SECTION yo pr
125
18 408 FT FT
3L06
FILTER INV EL 368

PLART IRV EL 397

ELEY 367 |- HIGH WATER

24" DIA
VIT CLAY PIPE

30" DIA HALF ROUND
CORRUGATED STEEL PIPE

B
~IRV EL 34074
})}N‘ L 3074 Low WATER

L ELEV 336

RIPRAP

FIGURE 11.1-D-14 FILTER PLANT QUTFALL STRUCTURE

COLUMBIA
RIVER
312
-~
15 8LDG
BLDG I o ﬂ
| ' o
. 36" COAR| '\ 014 QUTFALYL
STL PIPE] "3s“ sTL ,/
—. o ¢ i Ot D
CVERFLOW
V4 STRUCTURE § 012 QUTFALL
109 BLDG | [
Application for EPA
Discharge No. 014
260" 309 Bldg. Qutfall Structure

INY 387.0

OVERFLON (OPEN)
8'-4" 50 RIPRAP 10' SQ x 3' THK

Columbia River Mile 344.5
Lat, 46® 22" 05'' .
Long., 119° 16' 08'' W.
April 1973

ELEY 367.0

36" CORR
PROCESS SENWER

36" CORR. STEEL PIPE

WALL THK ©0.500% 46' WIDE
5.

SLOPE 19.34% RIPRAP )L|40'

ROCK COVER - MJN 4'

LW UATER - ELEV 336.5

3' MIN THK
20' WIDE

FIGURE 1I.1-D-15 309 BUILDING OUTFALL STRUCTURE
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FIGURE II.i-E-1 300 AREA MAPS
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BUILDINGS AND DESCRIPTIONS'

BURDING BURLDING
RUMBER DESCRIPTION HUMBER DESCAIPTION
o EQUIPMENT STORAGE asor SEPTIC TANK
2034 PAODUCT STORAGE BUILDING 26144 COLUMBIA RIVER MDNITORING STATION
1018 PROGUCT STORAGE BUILDING : ELEAR EMERGEMCY GERERATOR
200-C FISSILE MATERIAL STONAGE BUILDING 3821.C  EMERGENCY GENERATOR CONTAOL ROOM
203-E ESSENTIAL MATEAIAL STYORAGE BUILDING 6.0 EMERGENCY POWER GENERATING STATION NO 3
303.F CHEMICAL STORAGE & DISPEASAL BUILDING 3622 LABORATORY VIEWPOINT SHELTER
3036 ESSENTIAL MATERIAL STORAGE BURDING 3761-4 GATE HOUSE - WEST
303. MATERIAL STORAGE BURDING ML BADGE HOUSE - S0UTH
303 GECONTAMINATION AND BATTERY CHARGE BUILDING 3701-H BADGE HOUSE . HORTH
3031 OXIOE_BUANWG TUILDING 3701.Z  BADGE HOUSE . CONSTRUCTION
204 FUELS ENGINEERING LABORATORY aroz OFFICE BUILDING
108 YEST REACTOR 3703 OFFICE BULDING
3054  OFFICE AND SHOP ares STORAGE
3058 EXPERIMENTAL TEST REACTOR BUILDING aros PROTOGRAPHY BULDING
06 METAL FABRICATION DEVELOPMENT 3706 QFFICES AND SERVICES
i RETENTION HASIN 3706.A  VENTILATION EQUIPMENT BUILDING FOR 3706
2070 EFFLUENT HOLDUP TANK Iroer.A ENGINEERING
08 PLUTONIUM LABORATCRY 1707-8 UTILATY OPERATIONS BUILDING
368.E EMERGENCY STORAGE ANNEX ar07.c HONCESTRUCTIVE TESTING
209 PRTR OFFICES AND $HOPS 3ro7.0 STORAGE
e PRTR CONOENSER BUILOING arore STORAGE
an ACID, CAUSTIC AND METHANOL TANK FARM 3707.F PEASONNEL SURVEY BUILDING
a2 RIVER PUMP HOUSE 707G URANIUM OXIDE CHANGE HOUSE
13 FUELS MAHUFACTURING BUILDING 3702 FISSILE MATERIAL STORAGE
4 ENGINEERING DEVELORMENT LABORATORY 2700 PAINT SHOP
044 GAS BONDING AUTOCLAVE PIT 3708-A  FIRE STATION
ns WATER FILTER PLANT ano OIL AND GREASE STORAGE
a8 MIGH TEMPERATURE LATTICE TEST REACTOR 37100 OIL AKD GAS STOMAGE
8.4 DETECTOR BUILOING am STORAGE 1CONS TRUCTION)
ne-g HILTR STACK ‘ a2 FUEL MATERIAL STORAGE
neg HILTR FILTER ana CARPENTER AND PAINT SHOP
320 LOW LEVEL RADIOCHEMISTAY BUILCING
a ENGINEERING DEVELOPMENT LABORATORY ::"': ::::’::é:;:‘i:’;:;?’“”"
323 METALS CREEP LABORATORY
124 CHEMICAL ENGINEERING LABGRATORY 118 METALLURGICAL DEVELOPMENT FACILITY
. TACK CAS SAMPLING SUILDING any SHEETMETAL SHOP AND OFFICE BUILOING
anzre STANDARDS LABORATORY
24 8 EXHAUST STACK INT.C SODIUK MAINTENAMCE FACKITY
325 RADIOCHEMISTRY GUILOING a71e PLANT OPERATIONS SERVICES BUILDING
:::: :if:;:ef:’:;z:T:::Lr:N“ 3r1m.A LABGRATORY EQUIPMENT POOL
ATtE. LABORATORY EQUIFMENTY P
328-C FLORINE GAS STORAGE ﬂ?l.-: LASCRATORY EQUIFMENT ’;.::
3250 MAINTENARCE SHOP
ane.p LABORATORY STORAGE BUILDING (308}
a6 PHYSICS AND METALLURGY BUILDING ATIBE STORAGE BUILDING 1324) .
27 RACIGMETALLURGY BUILDING ATE SODILM MAINTENANCE BirROmG
zs ENGINEERING SERVICES AND SAFETY I718.4  SODIUM TAWK STORAGE FACILITY
3284 TECHNICAL SHOPS ANNEX arien CRAFT SUPPORT Snce
3z9 BIOPHYSICS LABGRATORY ar20 CENTRAL SERVIGE & LABORATORY
:;“" f::::;::::‘:Z‘a;:::o;‘:"f" . st CLASSIFIED SCRAP INCINERATOR
3Tz CONSTRUCTICN SHOP N
331 4 VROLOGY LABORATORY ar2s SOLVENT & ACID STORAGE FOR 327
-8 INHALATION FACILITY aras PAOPANE GAS STORAGE TANK
3xn N-FUELS MANUF ACTURING BLLDING 1730 GAMMA [RRADIATION FACILITY
34 CHEMEIC AL HANDLING BUILGING
aas SODIUM TESTING FACILITY 4731 FISSILE MATERIAL STORAGE FACILITY
236 SODIUM TESTING FACILITY ELETIY GRAPNITE MACHINE SHOP
aar MIGH TEMPERATURE SODIUM FACILITY 3732 STORAGE BUILDING
EETY LMFER MOCK.UP AND MAINTEMANCE 3734 MAINTENANCE STORAGE
240 RETENTION AND NEUTRALIZATION BUILDING 3734.4  PAINT AND SOLVENT STORAGE
2404 MAIRTENANGE 57ORAGE 1748 AAGIOLOGICAL CALIARATIONS 4 STANDARDS BUH.DING
408 RAILRDAD LOAD-OUT BTATION 37454 ELECTRON ACCELERATOR
s SUBSTATION 3745.8  POSITIVE ION AGCELERATOR
1318 METER TESTING & SWITCHGEAR FACILITY a745 QFFICE SUILDING ,
352 SUBSTATION . 7 amy
— SUBSTATION - 1150V A746.0  TECHNICAL SERVICES BUILDWNG
352-C SUBSTATION - 2 4KY Arss TECHNICAL INFORMATION BURLDING
352D 2400 VOLT SWITCHGEAR BUILDING 1762 QFFICE BUILDING
3826 SWITCH STATIOH EAST SIOE a783 OFFICE BUILDING
266 FUEL OIL BUNKER 28028 PRV STATION
82 PuMP HOUSE 2002-A ELEVATED TANK {WEST)
Jax.A WATER RESERVOIR 200 000 GAL 10028 ELEVATED TANK (EAST}
s2.8 WATER RESERVOIR 225000 GAL
I8¢ FOWERMOUSE 3905 WATER WELL
3106 HELIUM $TORAGE TANKS 3908.2 WATER WELL
5034 ELECTRICAL CABLE PIT NO 2 3908.3 WATER WELL
3s03.8 ELECTRICAL CABLE PIT NO 3 3905.4 WATER WELL
15064 TELEPHONE EXCHMANGE FACRITY apos SANITARY & PROCESS LIFT STATION
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Waste Management Facilities Storage and Disposal Sites
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JABLE II.1-E~1

TABLE OF 300 AREA STORAGE AND DISPOSAL SITES

Size

Site: Acres Description

Terminated Depth to
Service
In Year

Monitored

Water Table by Well

(ft)

1

1.1 200 ft long trenches 15 ft wide by 8 ft
deep on N-5. axis and some 20 ft wide by
15 ft deep bn E-W axis. Covered with
4 ft layer of clean dirt, and marked in
1967. Markers 3-61-51 through 3-61-90.

Contains all 300 Area solid radioactive
waste generated from 1945-1956,
including uranium, piutonium, and
fission products.

1.7+ Pits 150 f£ long by 51 ft wide by 15 ft
deep. Covered with ¢lean sofl and
marked in 1961. Markers 3-61-1 through
3-61-50.

Contains uranium contaminated equipment
and material.

1.3+ An expansion to the west of No. 2 with
similar contents and deactfvation
procedures.

2.9+ Elongated pits containing uranium con-
taminated miscellaneous materials from
300 Area manufacturing facilities.
Filled and covered with clean dirt.
Marked in 1961 with markers 3-61-137
through 3-61-189.

1.2+ Elongated pits to 15 ft deep contain-
ing uranium contaminated trash.
Covered, filled with 4 ft of clean
dirt. Marked in 1962, 3-62-1
through 3-62-38.

6 -- Ho Jonger exists. Wastes moved to

700

other sites. Contained solid
uranium waste from 6 mo in 1944,
Filled with clean dirt.

6.7 Two drive-in trenches and a V-
shaped pit, containing materials
primariiy from 300 Area fuel
manufacturing process contaminated
slightly with uranium or thorium.
Backfilled and covered with clean
dirt.

8 1.4 Long trenches filled with low level

300
Hest

Contamina
Equipment
Storage A

uranium bearing waste from fuel manu-
facturing areas filled and coverad
with ¢lean dirt and a parking lot
(North}. Marked in 1961, 3-61-91
through 136.

0.1 A long trench filled with drums of
uranium contaminated organic solvent
from the 321 Building in 1955 and
1956. Terminated and marked in
1963, 3-63-1 through 18.

ted A1l equipment removed. Ground

s1ightiy contaminated.
rea

11.1-E-8

1956

1561

1961

1961

1962

1944

1971

Prior

1956

41

4]

41

33

38

82

52

55

Number

393-1-2

399-1-2

359-1-2

399-8-2



JABLE II.1-E-2
TABLE OF STORAGE AND DISPUSAL SITES ANCILLARY TO THE 300 AREA

Depth

Site or To Water
Building Size Table
No. Acres Description Service {ft)
. 300 6.1 Locaﬁed about 4 miles northwest of 300 Area. 1953-63 65

North Terminated. Broad spectrum of low-to high-
level solid radicactive waste, primarily
fission products and plutonium. Cartoned
Jow-level waste was buried in trenches;
medium to high-level waste in caissons
or buried pipe facilities.

300 <1 A stainless steel tank with an open bottom, 1948-56 65
North about 150 ft southeast of the 300 North
burial ground, into which was dumped
uranium contaminated liquid waste from
the 321 Building.

300 8.6 Located about 7-1/3 miles north of the 1962-67 45
Wye 300 Area. Retired--filled and marked,

Broad spectrum of low-to high-level

solid radicactive waste, primarily

fission products and plutonium. Cartoned

low-level waste was buried in trenches;

medium to high-level waste in caissons or

buried pipe faciiities.
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TABLE II.1-E-3

ESTIMATED RADIOACTIVE LIQUID WASTE INVENTORY - 300 AREA Y

340 STORAGE

75,000 GAL CAPACITY

Routine Analyses - Average Concentration

{Ci/m3
Filtrate

so1ids(d)

Total Beta(b) 7.2
Total Alpha‘®)  o.0m1

(d)
60, <0.006
90 . 0.304
106y, _ph 0.042(d)
137, 0.32]

The conceatration of all nonradicactive chemical compounds

43
0.033
<0.046¢9)
0.36

0.40
0.038

Nuclides Detected in One or More
Samples Concentration (Ci/m3)

1255b
134cs
152Eu
154Eu
ISSEu

2850

Nonradioactive Analyses Average

pH

Nonvolatile Residue

Uranium Filtrate

solids 2

1.5
3

2600 g/m
3 Q/m3
1.2 g/m®

Solids concentraticns in units per cubic meter of 1{iquid.

levels.

emitting a beta particle of esgsgy 0.3 MaV.
Total alpha is calculated as
"Less Than" is used when the results were below detection

L,

a)
zb) Total beta caiculated as a hypothetical, nonvolatile nuclide
(c)
(d)

(e) The number in parenthesis indicates the number of values
Blanks indicate no value reported.

reported and averaged.

I1.1-E-12

Filtrate'®)  sorids‘e}e)
0.006(1) 0.013(3)
0.017(10) 0.003(2)

0.0003(1)
0.053(2) 0.003(4)
0.095(3) 0.042(5)
0.0003(2)

is shown helow:



APPENDIX II.1-E, Part 4

Radioactive Material Releases, 1972
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TABLE II.1-E-4

SUMMARY OF RADIOACTIVE GASEOUS WASTE DISCHARGED FROH
300 AREA FACILITIES DURING 1972

METAL FABRICATION DEVELOPMENT - 306-W

Roof No. 1 - Thorium Storage Room

12 Alpha Beta
Volume 1 x 10°% (cc)
Ave. Concentration <1 x 1071 uCifee  <.2 x 1071 uCi/cc
Ave. Release Rate <0.001 uli/wk <0,024 uCi/wk
Max. Release <0,017T uCi/wk <0,051 uCi/wk
Total Release <0,052 uCi <1.2 uCi

METAL FABRICATION DEVELOPMENT - 306-W
Roof Ho. 2 - Bag Filter Exhaust

14 Alpha Bata
Yotume 2 x 10" {ce)
Ave, Concentration <2 x 107 uti/cc <1.8 x 10713 uCifce
Ave. Release Rate <0,046 pCi/wk <0.73 uCi/wk
Max. Release <0.17 uCi/wk <2,3 uCi/wk
Tota) Release <2,4 uCi <39 uCi

METAL FABRICATION DEVELOPMENT - 306-W

14 Alpha Beta
Yolume 1 x 10" {¢c)
Ave. Concentration 3.2 x 10718 uCifee <2,6 X 10713 utifec
Ave, Release Rate <0.065 pCi/fwk <0.53 wCi/wk
Max. Release Rate <0.42 pCifwk <1.8 pCi/wk
Total Release <3.4 uCi ' <27 uCi

306-4 METAL FABRICATION DEVELOPMENT
URANTUM POWDER LABORATORIES ND, 158 AND NO. 159
13 Alpha Beta
Volume 3.1 x 10'" {ec)
Ave. Concentration <50 x 10715 uci/ec <3.6 x 1677 utifen
Ave. Release Rate <0.003 uCi/wk <0.02 pCi/wk
Max. Release Rate <0.02 uCi/wk <0.08 pCi/wk
Total Release <0,16 pCi <1.1 uCi
BIOPHYSICS LABORATORY -~ 329

14 Alpha Beta
Votume 4 x 10'" {cc)
Ave. Concentration <0.35 x 10714 uCifce <2.2 x l(J'.M uCifcc
Ave. Release Rate <0.29 uCi/wk <0.19 uCi/wk
Max. Release Rate <0.38 uCi/wk <0.53 pCi/wk
Total Release <1.5 uCi <9.7 uCi

LIFE SCIENCE BUILDING - 331
"p* Stack, Alpha{®)  "s* stack, Atphafd)

Volume 1.7 x 108 5.6 x 10°

Ave. Concentration 3.0 x 1079 peizec . <1.9 x 10710 peifec
Ave. Release Rate <0.003 uCi/wk <0,002 uCifwk

Max. Release Rate <0.011 uCi/wk <0,024 pCi/wk

Total Release <{,052 uCi <0.11 uCi

{a) As piutonium.

11.1-E-14



TABLE II.1-E-& (Continued)

FISSILE MATERJAL STORAGE -~ 3708

Volume 4'x 1043 (cc)

Ave. Concentration

Ave. Release Rate

Max. Release Rate

Total Release

Facility put inta service

Yolume 3.3 x 10/ (cc)
Ave. Concentration
Ave. Release Rate

Max. Release Rate
Total Release

Yolume 1 x 1'% (cc)
Ave, Concentration
Ave. Release Rate
Hax. Release Rate
Total Release

Volume 2 x 1015 {ec)
Ave. Concentration
Ave, Release Rate
Max. Release Rate
nu!hm“J”

Alpha

<4.4 x 10715 yCisee
<0.0048 uCi/wk
<0,008 uCi/wk

<0.17 uCi
May 1, 1972.

308 FUELS LABORATORY
Alpha

<4.5 x 10719
<0.03 uCi/wk
<0.03 uCiswk
<1,5 pCi

uCifec

324 CHEMISTRY AND MATERIALS ENGIMEERING LABORATORY

Alpha Beta Todine-131
3.1 x 1078 peisee <7.9 x 1071% ueisee <7.8 x 1071 yeijec
<0.38 uCi/wk <2.5 uCifwk <26 nCifwk
<0.4 pCi/wk <3.2 uli/wk <48 uCifwk
<20 uli <140 uCi <1400 uCi/fwk

325 RADIOCHEMISTRY LABORATORY

{a[ T &1 Radon release on Septemder 25, 1972,

Volume 1 x 1014 {cc)
Ave. Concentration
Ave, Release Rate
Max. Release Rate
Total Re?ease‘a)

Alpha Beta ledine-13}
7.8 x 10719 wueizee 1.2 x 107 weizee <1.3 x 10712 wcizee
<0.22 uCi/wk 52 uCiswk 28 ulifwk
.93 pCi/wk 910 uCisfwk 380 uCi/wk
<12 .Ci 2800 uCi <1500 JCi
326-8 RADIOCHEMISTRY LABORATORY ANNEX
Alpha Beta lodine-131
<5.4 x 10']5 uCifec 1.9 x 10'13 uCifee 1.1 x 10_]1 uCifcc
<0.008 vCi/wk <0.3 pCi/wk 19 uCi/wk
0.02 uCi/wk 10 pCifwk 30 uCifwk
(.44 uCi <16 uCi 1000 yCi

{(a) 1 Ci Radon release on July 26, 1972,

I1.1-E-15




TABLE I11.1-E~4 (Continued)

326 PHYSICS AND HETALLURGY

Alpha Beta
Volume 1 x 10'° {cc) .
Ave. Concentration 8,3 x 10717 utifce 5.6 x 10714 uCifee
Ave. Release Rate <0.34 uCi/wk 1.0 pCi/wk
Max. Release Rate 0.67 pCi/wk 2,9 pCi/wk
Total Release <18 pCi 55 uCi

327 RADIOMETALLURGY LABORATORY

Aphaf2) Bota () lodine-131

Yolume 1 xl&s {cc)
Ave. Concentration 5.6 x 16717 pCisee 3.4 x 10708 uCi/ece 7.6 x 1012 pCifee
Ave, Release Rate <0.1 pCifwk <0,66 pCi/wk 160 uCi/wk
Max. Release Rate 0,34 uCi/wk 0.84 pCi/wk 3000 pCi/wk
Total Release <5.5 pCi <34 uCt 3100 uCi
(a) ATpha activity was presumed to have %he same piusgnium composition

as the fugl being examined: 88.3% 23%u, 10.2% 240py, 1,3% 2

and 0.1% 232py, " In this mixture 35% of the alpha particles emitted

come from 241Pu
(b} Beta emitters were not {dentified. There were iarger amounts

of fission products than activation products in samples being

examined.

340 TARK VENT
Alpha Beta Ioding-131

Volume 5 x 1012 {cc)
Ave. Concentration <a,3 x 10713 wei/ee 6.7 x 107" ueizee . 1.4 x 10719 wcizee
Ave. Release Rate <0.012 uCi/wk 5.0 uCi/wk 16 uCi/wk
Max. Release Rate 0.47 wCijwk 220 uwCi/wk 370 pCi/wk
Total Release <0.60 uCi 290 uCi 780 uCi

TABLE IT.1-E-B

ESTIMATED RADIOACTIVE LIQUID RELEA?E? TO THE 300 AREA
PROCESS PONDS-19721a

Uraniun'®) - Tota) Alpha Total Beta
Average Flow Rate 2.9 % 106 gal/
day
Total Discharge 530 kg 0.4 Ci 0.38 Ci 0.48 Ci
Average Concentration 130 pg/liter 96 x lo'guC1/m1 120 % lt]'9 pCifml

(aj The 300 Area South Pond was used for 5 days in lg
(b) Analysis of accumulated solids indicated 0.977% 350, oOn this
basis the specific activity was determined to be 8.4 x 10-7 Ci/g.
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JABLE I1.1-E-6
300 AREA UNPLANNED RELEASES

Nuclide.
Date Building Description and Amount
1-7-70 307,340 A leak was discovered in the transfer line ‘from 840 €
retention basins to crib waste system, Crib Short1§83d F.P.
waste backed up and the bottom half of a short 10 Ci
carbon steel transition piece was eroded away 10 ¢ 13
and contaminated waste Teaked to the soil about
5 feet below grade.
6-7-69  325-B Stack release from 325-B. (13'1} Sample showed 0.6 ¢i 3
additional emission ~3 mCi, Alpha and total beta
release low and normal.
6-13-67 325 Nonstandard release of 18750 from 325 Bldg. 0.85 ¢i 147
0.71 Ci to 300 Area pond. 0.1 Ci to atm via
325 stack.
5-09-67 327 Release of jodine resulted from examination 0.11 Ci 1311
of irradiated reactor fuel,
5-0§-66 325 Daily check of stack filters detected 144-141¢, 0.6 Ci
had been released. 144-141¢e
3-23-67 300 Area 1317 releases in excessive amounts from 300 Area 0.2 ¢i 131
thru Stacks stacks.
4-18-67 325 Stacks
5-03-67 327 Release of jodine during the sectioning 0.1 ¢i V¥
of f of PRTR fueils,
9-29-65 309 Bldg. Failure of resctor coolant tube caused high
radiation limits inside reactor and containment
vessel,
No significant releases 1958-1964 ()
8-16-55 300 Horth Fire caused particulates to be spread out to 1500 Hixed
Burial ft in a northeast direction. Particle frequencies
Grovnds ranged from 0.5 to 4 per 100 ft2, Instrument
readings of 35,000 to B0,000 counts/min. Isolated
4.5 rad/hr.
2-17-54 Burial Fire occurred in 300 Area solid waste burial Mixed
Ground ground. Small area east of and up to 20 ft from

BG6 fence contained widely scattered contamination
from 2000 counts/min to 100 mrad/hr

{a) G. E. Backman, Summary of Environmental Cantaminatiot Incidences at Hanford,
1958-1964, HW 84619, Aprii 1565.
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Chemical Compound

Aluminum Nitrate
- Nonahydrate

Armmonium Fluoride
Ammonium Nitrate

Ammonia {Anhydrous}
tarbon Taetrachlorids

Carbon Dioxide
Citric Acid

Cadmium Nitrate
Dibutyl Butyl
Phosphonate

Di2 Ethyl Hexyl
Phosphoric Acid

Ferric Nitrate

Ferrcus Sulfamate .

Magniflox 581C

Hydrogen Flucride

Rydroxyacetic Acid

Hydrogen Peroxide

Calcium
Magnesium Oxide
tiquid Nitrogen
Hydrochloric Acid

Hydroxylamine Sulfate

Lead Nitrate(®)

Hercuric Nitrate

Tetra Sodium Ethy-
Tene Diamine Tetra

Acetate {EDTA)
Nitrilotriacetic
Acid (b)

Trisodium Hydroxy-

ethyl Ethylene
Diamine Triace-
tate (HEDTA)

Normal Paraffin
Hydrocarbon

Hitric Acid

Oxailic Acid

TABLE II,1-F-1
INVENTORY - 200 AREAS

PROCESS CHEMICAL

How Stored Where Stored

Bulk Tank 202-A Bldg.
234-3 Bldg.

Bulk Tank 202-A Bldg.

Bulk Tank 271-3 Bldg,

Drum 234-5 Bldg.

Bulk Tank 271-8 Bldg.

100 1b. Bag 275-EA Warehouse
271-B Bldg.
271-T Bidg.

55 qal Orum 275-EA Marehouse

55 gal Drum 275-FEA Warehouse
234-5 B8ldg.

55 ga) Drum 275-FA Warehouse
271-8 Bldg.

Fiber Orum 275-EA Warchouse
202-A Bldg.

Fiber Drum 275-EA Harehouse
202-A Bldg.

55 qal frum 275~EA Warehouse
244-AR Bldg.

Cylinder 234-5 8ldg,

Bulk Tank 271-8 Bldg.

Aluminum Drue  275-EA ¥arehouse
234-5 Bldg.

Drum 234-5 Bldg.

Orum 234-5 Bldg.

Bulk Tank 234-5 Bldg.

Bottle 275-EA Warehouse

Drum 275-EA Warehouse
234-5 Bldg.

Wooden Keg 275-EA Warehouse

{polylined}

Ice Cream 275-EA Yarehouse

Carton {poly-

Tined)

Buik Tank 271-8 Bldg.

55 gal Drum 275-EA Marehouse

Bulk Tank 27 -8 Bldg.

Bulk Tank 202-A Bldg.
271-B Bldg,

Bulk Tank 202-A Bldg.

Bulk Tank 234-5 B8ldg.

BuTk Tank 277-B Bldg.

Bulk Tank 244-AR Bldg.

Bulk Tank 271-T Bldg.

Bulk Tank 211-U Bldg.

Fibar Orum 275-EA Warehouse

{polylined) 271-B Bidg.
234-5 dldg,

Bow Used

Process Chemical
Process Chemical

Process Chemical

Process Chemical
Precess Chemical

Process Chemical

Process Chemfcal |

Process Chemical
Cleaning Agent

Neutron Poison
Neutron Poison

Process Chemical
Process Chemical

Process Chemical
Process Chemical

Process Chemical
Process Chemical

Pracess Chemical
Process Chemfcal

Process Chemical
Process Chemical

Process Chemical

Process Chemical

Process Chemical
Process Chemical

Process Chemical

Process Chemfcal
Process Chemical
Process Chemical
Process Chemical
Process Chemical
Process Chemical

Process Chemical

Process Chemical

Process Chemical

Process Chemical’

Process Chemical
Process c_hulical

Process Chemical
Process Chemical
Process Chemical
Process Chemical
Cleaning Agent

Process Chemicatl

Process Chemfcal
Process Chemical
Process Chemical

II.1-F-1

tiow Disposed

Typical Inventory

Underground Storage Tank
Underground Storage Tank

Underground Storage Tank

Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
To User Facility

Underground Storage Tank
Underground Storage Tank

Z-9 Crib
Underground Storage Tank

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

Underground Storage Tank

Underground Storage Tank

To User Facility
Underground Storage Tank

Underground Storage Tank
UInderground Storage Tank
Atmosphere

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank
To User Facility

To User Facility
Underground Storage Tank

Underground Storage Tank

To User Facility

Underground Storage Tank:

Underground Storsge Tank
Underground Storage Tank

Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
Underground Storage Tank

To User Fabiiity
Underground Storage Tank
Underground Storage Tank

30,000 1b

100,000 1b

45,000 1b
20,000 ib
30,000 1b
100,000 1b
15,000 1b
11,000 1b
10,000 1b

6,000 1b

5,000 1b

10,000 th

10,000 1b

200,000 1b
1,500 b

1,500 1b
3,000 1b
150,000 ft
1,000 1b

3

20,000 1b

5,000 1b

350 1b

250,000 1b

3,000 b

400,000 1b

200,000 1b

200,000 1b

15,000 1b



Chemical Compound How Stored
Pentasodium 55 gal Drum
Diethylene Triamine .
Penta-acetate (b)Y (DTPA}
Phosphotungstic Acid  Steel Drum
Phosphoric Acid Bulk Tank
{polylined)
Fiber Drum
Potassium Hydroxide Bulk Tank
Potassium Steel Pail
Permanganate (polylined)
Potassium Per- 100 1b. Bag
sulfate (b}
Stlver N{t‘.rate(b) Ice Cream

Sodiue Bisulfate

Soda Ash

Sodium Chloride
Sodium Fluoride
Sodium Fluoride
(Reagent Grade}
Sodium Gluconate

Sodtum Hydroxide,

Sodium Nitrate
Sodium Ritrite
Sodium Sulfate
Sugar

Sulfanic Acid
Sutfuric Acid
Hydrazine

Tartaric Acid

Tributyl Phosphate

Turco 43068

Turco 4518

Carton {poly-
11ned)
Fiber Drum

{polylined)
100 1b Bag

100 1b Bag

100 1b Bag

200 1b Fiber
Drum
50 1b Bag

Buik Tank

100 1b Bag
100 b Bag
Fiber Drum
100 1b Bag
100 1b Bag
50 1b Bag
Bulk Tank
Stee) Drum

Burlap Sack

Bulk Tank
55 gal Drum

Fiber Deum
{polylined)

55 gal Drum
{polylined}

Where Stored

TABLE II.1-F-1 (Continued)

How Used

How Disposed

Typical Inventory

275-EA Warehouse

275-EA Warehouse

241-BX Tank Farm

275-EA Marehouse

202-A Bldg.

275-EA Warehouse
234~5 Bldg.
2717 Bldg.
284-E Bidg.
284-W Bl1dg.

275-EA Marshouse

275-EA Warehouse

275-EA Warehouse
271-1 Bldg.

275-EA Warehouse
202-A Bldg,
?71-B Bldg.
271-T Bldg.

284-E Bldg.
284-W Bidg,

275~EA Warehouse
275-EA Warehouse
275-EA Marehouse
271-B Bldg.
202-A Bldg.
271-B Bldg.
234-5 Bldg.
244-AR Bldg.
271-T 8ldg.

275-EA Warehouse
235-5 Bldg.

275-EA Warehouse
275-tA Warehouse
27-B Bldg.

Z75-EA Warehouse

275-EA Warehouse
207-A Blidg.
211-¢ Bldg,

275-EA Warehouse
234-5 Bldg.

275-EA Warchouse
202-A Bldg.
234-5 Bldg.
271-B Bidg.
275-EA Warehouse
275-EA Warehouse

275-FEA Harehouse
271-T Bidg.

Process Chemical

Process Chemical

Process Chemical
Process Chemical

Process Chemical

Process Chemical
Process Chemical
Cleaning Agent

Water Treatment
Water Treatment

Process Chemical

Process Chemical

Process Chemical
Cleaning Agent

Process Chemical
Process Chemical
Process Chemical
Cleaning Agent

Water Treatment
Water Treatment

Process Chemical
Process Chemical
Process Chemical
Process Chemical
Process Chemical
Process Chemical
Process Chemical
Process Chemica)l
Process Chemical

Process Chemical
Process Chemical
Process Chemical

Process Chemical

Process Chemical

Process Chemical

Hater Treatment
Process Chemical

Process Chemical
Process Chemical

Process Chemica)
Process Chemical
Process Chemical
Process Chemical

Cleaning Agent

Cleaning Agent
Cleaning Agent

I1.1-F-2

To User Facility
Undecground Storage Tank

To User Facility
Underground Storage Tank

To User Facility

To User Facility
Underground Storage Tank

Underground Storage Tank

To User Facility
Underground Storage Tank
Underground Storage Tank
Sanitary Water

Sanitary Water

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

To User Facility

Underground Storage Tank
Underground Storage Tank
Underground Storage Tank

Seepage Pond
Seepage Pond

Underground Storage Tank

To User Facility

To User Facility
Underground Storage Tank

Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
Underground Storage Tank

To User Facility
Underground Storage Tank
To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank
To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

Seepage Pond
In Product

To User Facility
Underground Storage Tank

To User Facflity
Underground Storage Tank

Underground Storage Tank
Underground Storage Tank
Underground Storage Tank
To User Facility

To User Facility
Underground Storage Tank

To User Facility
Underground Storage Tank

!

1,200 1b

2,500 1b

15,000 1b

35,000 1b
8,000 1b

4,000 1b

1,000 b

125,000 1b

250,000 1b

150,000 1b

500 1b
1,000 16

100,000 b

300,000 1b

50,000 1b
50,000 1b
75,000 1b

5,000 1b

4,300 1b
100,000 1%
10,000 1b
20,000 1b

25,000 1b

12,000 1b

6,000 1b



P

TABLE 11.1-F-1 (Continued)

Chemical Compound How Stored Where Stqred How Used How Disposed
Turco 4512-A 55 gal Drum 275-EA Warehouse Cleaning Agent To User Facility
21-1 Bldg. Cleaning Agent Underground Storage Tank
Aluminum Sulfate 100 1b Sack 275-EA Marehouse Hater Treatment To User Facility
284-E Bldg. Water Treatment Seepage Pond
284-W Bldg. Water Treatment Seepage Pond
Chlorine Cylinder 284-E Bldg. ¥ater Treatment Sanitary ¥ater
284-W Bidg. Water Treatment Sanitary Water
Disod{um Phosphate 100 1b Sack 275-EA Warehouse Mater Treatment Yo User Facility
284-E Bldg. Water Treatment Seepage Pond
284-4 81dg. Water Treatment Seepage Pond
Octafilm Fiber Drum 275-EA Warshouse Water Treatment To User Facility
284-E Bldg. Hater Treatment French Drains
284-W Bldy. ¥ater Treatment and Cribs
Sodium Sulfite 100 1b Sack 275-EA Warehouse Water Treatment To User Facility
284-E Bldg. Water Treatment Seepage Pord
284-W B1dg. Hater Treatment Seepage Pond
Corregen 55 gal Drum 275-EA Warehouse Water Treatment To User Facility
284~E Rldg. french Drains and Cribs
Agel Fiber Jrum 275-EA Warehouse Water Treatment To User Facility
284-E Bldg. Water Treatment French Drains
284-W Bldg. Water Treatment and Cribs
TABLE II.1-F-2
B PLANT CHEMICAL CONSUMPTION
Cnnsump?ign {1b/yr)
Chesmical PAS + PSS cau(b)
Amonia 600,000 ¢ - -
Carbon Dipxide 700,000 --
Citric Acid 300,000
D'IiZ-Ethyl hexyl) Phasphoric Acid 25,000 10,000
D2EHPA)
Hydroxyacetic Acid 300,000 250,000
Tetra Sedium Ethylene Diamine 1,500,000 - -
Tetra Acetate {EDTA)
Tri Sodium Mydroxyethyl -Ethylene 2,000,000 15,000
Diamine Triacetate (HEDTA)
Normal Paraffin Hydrocarbon (NPH) - 85,000 30,000
Nitric Acid 1,500,000 1,000,000
Oxalic Acid 4,000 3,000
Phosphatungstic Acid (PTA) - - 22,000
Sodfum Carbonate (Soda Ash) 160,000 650,000
Sodium Glucomate 100,000 70,000
Sod{um Hydroxide {Caustic) 1,800,000 1,600,000
Sedium Sulfate 50,000 40,000
Sulfuric Actd 3,000 2,000
Tributyl Phosphate (TBP} 15,000 6,000

{

Typical Inventory

a) SX Operating 70% of time - 200,000 gal sludge per year
b) SX Operating 50% of time - 250,000 gal CAW per year (from 1,000

T/YR N Reactor fuels)

II.1-F-3

200 gal

80,000 1b

20,000 b

2,500 1b

15,000 1b

5,000 1b

5,000 1b

15,000 1b



TABLE II.1-F-3

ENCAPSULATION PLANT CHEMICAL CONSUMPTION

Hydrochloric Acid {124 solution)

Sodium fluoride (Solid)

Sodium Hydroxide {501id}
{Liquid)

Nitric Acid 57%

Boric Acid

TABLE 11.1-F-4

945 titers/year
1,000 pounds/year
200 pounds/year
700 Yiters/year
82,000 1iters/year
2,000 pounds/year

TANK FARMS CHEMICAL CONSUMPTION
' Quantity/Yr

Chemica)l
Nitric Acid 57% Now

Future

Magnifioc 581C
‘Sodium Hydroxide
Turco 4518
Fabrifilm

Sodium Ritrate
Phosphoric Acid

or
Kaolin Clay

TABLE II,1-F-§

1,000,000

15,000
120,000
1,300
55
100,000

2-3 million 1b/yr

1b

3-10 million 1b

Tb
b
1b
1b
1

ggring 1976, 77, 18,

or

10-15 million lb/yr

durfng 1976, 77, 78, 79

PUREX PLANT CHEMICAL CONSUMPTION

Chemical 1b/yr )
Aluminum Hitrate {ANN) 275,000
Ammonium Fluoride - Ammonium, Ritrate (AFAN) 700,000
Ferric Nitrate 750
Ferrous Sulfamate 20,000
Normal Paraffin Hydrocarbon (NPH) 16,000
Nitric Acid (HNOa) 900, 000
Oxalic Acid 20,000
Potassium Hydroxide (KOH) 160,000
Potassium Permanganate 2,000
Sodium Carbonate {Soda Ash) 10,000
Sod{ium Hydroxide {Caustic) 650,000
Sodfum Nitrite 15,000
Sugar 30,000
Sulfamic Acid 5,000
Sulfuric Acid 25,000
Hydrazine 4,000
Tartaric Acid 6,000
Tributyl Phosphate {TBP) 100,000
Hydroxytamine Nitrate 20,000
Potassium Fluoride 25,000
Cadmium Nitrate 5,000

(a) Assumes 1,000 T/Yr of N Reactor fuels

11.1-F-4

R Fuels
1b/ton

270
670

20
16
806

160
2.0
9.9

650

13

27
5.4

25
3.3

5 gal



TABLE II.1-F-6

f CHEMICAL CONSUMPTION FOR Pu RECLAMATION AND Pu FINISHING {Z PLANT)
Chemical Quantity/Yr
Aluminum Nitrate Nonshydrate(®) 450,000 1b
Carbon Tetrachlor‘ide(a) 11,000 gal
ca meta1(®? 1,500 1b
Magnesium Oxide(b) 2,000 1b
Rs-6 Crucible(®) 700 ea
Dibuty! Butyl Phosphonate '’ 3,520 1b
Hydrogen Fluoride!®) 10,000 1b
Hydrogen Peroxide 1,000 1b
Hydroxylamine Sulfate(d) 20,000 1b
Mercuric Nitrate a) 100 1b
. Nitric Acid s7x(a) 350,000 1b
Liquid Hitrogen (2} 5,500,000
oOxalic Acid{b) 8,000 1b
Potassium Permanganate(b) 300 1b
soda Ash{?) 200 1b
caustict®) 200,000 1b
Sodium Nitrate'd) 8,000 1b
Sodium Nitrite®) 800 1b
Wydrazine - Scaroxi?) 2,500 1b
Tributyl Phosphate(?) 8,000 1b

{2} Pu Reclamation
{b) Pu Finishing

v | TABLE II.1-F-7

POWER AND WATER CHEMICAL CONSUMPTION
Chemical ib/yr
Aluminum Sulfate 90,000
Chlorine 9,000
pisodium Phosphate | 6,000
F{Iming Amine (Octafilm} 24,000
Salt 500,000
Sod{ium Sulfite 14,000
AGEL 15,000
Potassium Permangate 2,500
Corregen 8,000
TABLE I1I1.1-F-8 TABLE II.1-F-9
FUEL FABRICATION PROCESS CHEMICALS SANITARY AND PROCESS WATER TREATMENT CHEMICALS
{300 AREA) (100 AND 300 AREAS)
Typical Invents Typical Invento
Chemical yP E::”o::en Y Chemical 7P g:“o:;'en ~
Nitric Acid 10,000 Aluminum Sulfate 16,000
Sul furic Acid 6,000 Sulfuric Acid 30,000
Sodfum Hydroxide 20,000 . Ammonium Hydroxide 8,000
Trichiorethylene 10,000 Hydrazine 1,700
Morpholine 900
Sodium Dichromate 150

K Chiorine (Liquid) 1 ton Cylinders
|

I1.1-F-5



Aluminum Nitrate
Aluminum Sulfate
Ammonium B81fiuoride
Bauxite

TABLE II1.1-F-10

PROCESS CHEMICAL CONSUMPTION-1972

Caicium Carbonate (Lime) Lbs

Chlorine
Hydrazine
Hydrofluoric Acid
Methanol
Morpholine
Nitric Acid
Oxalic Acid
Polyacrylamide
salt (Rock)
Sodium Dichremate
Sodium Hydroxide
Sodium Nitrate
Sulfuric Acid
Trichlorethylene
Copper

Ammonium Hydroxide

100-B 100-D

100-H

300 fotal

84,000 40,000 340,000
220,000
23,000 10,000 75,000

150 150

30,000

1800,000

I11.1-F-6

330,000

28,000
18,000

4,300

1,200

9,000
540,000

1200,000

33,000

24,000 24,000
24,000 840,000
24,000 24,000

200,000 200,000
6,000 140,000

2,400 2,400
2,600 2,600

4,100

520,000 §20,000
900 900
300 6,300
3,700

39,000

250,000 750,000
17,000 17,000
44,000 3100,000
66,000 66,000
14,000 14,000
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APPENDIX II,1-8

NONRADIQACTIVE ENVIRONMENTAL

STANDARDS APPLICABLE TO HANFORD WASTE MANAGEMENT OPERATIONS




APPENDIX I1.1-G
NONRADIOACTIVE ENVIRONMENTAL
STANDARDS APPLICABLE TO HANFORD WASTE MANAGEMENT OPERATIONS

Part 1 Regional Air Quality Standards
Part 2 State Water Quality Standards

11.1-6-2

Page
11.1-G~3

I1.1-G-3
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{vii} Toxic, radioactive, or deieterious material concentrations
shall be below those of public health significance. or which my caues
acute or chronic toxic conditions to the aguatic biota, or which may
adversely affect any water use. ) ’

(viii) Aesthetic values shall not be impaired by the presence of
materials or their effects, excluding those of natural origin, which
offend the senses of sight, smell, touch, or taste,

- m m e e om m om o o e ow o om o m o oe o=

WAC 173-201-040 ---auwn GENERAL CONSIDERATIONS. The following Qenr
eral guideTines shall be applicable to the water quality criteria and
glassificatinns set forth in WAC 173-201-020 through WAC 173-201-080

ereof:

(3) Except for the aesthetic values and acute biological shock
conditions the water quality criterfa herein established shall not apply:

(a) Within immediate mixing zones of a very limited size adjacent
to or surrounding a wastewater discharge;

(b} In the case of total dissojved gas, when the stream flow
exceeds the 10-year, 7-day average flood;

{(c) In a manner contrary to the applicable conditions of a valid
discharge permit.

(4) The total area and/or volume of a receiving water assigned to
a mixing zone shall be as described in a valid discharge permit and
Timited to that which will: (a) not interfere with biclegical communi-
ties or populations of important species to a degree which is damaging
to the ecosystem; (b) not diminish other beneficial uses
disproportionately.

(5} The criteria established in WAC 173-201-030 through
WAC 173-201-050 for any of the various classifications of this regula-
tion may be modified by the director for limited periods when receiv-
ing waters fall below their assigned water quality criteria due to
natural causes or if in the opinion of the director the protection of
the overall public interest and welfare requires such modification.

{6) Except where the director determines that overriding consid~
erations of the public interest will be served, wherever receiving
waters of a classified area are of a higher quality than the criteria
assigned for said area, the existing water quality shall consitute water
quality criteria.

{7) Whenever the natural conditions are of a lower quality than
the criteria assigned, the natural conditions shall constitute the water
quality criteria.

(8) Due consideration will be given to the precision and accuracy
of the sampling and analytical methods used in the application of the
criteria.

{9) The analytical testing methods for these criteria shall be in
accordance with the most recent editions of Standard Methods for the
Examination of Water and Waste Water, and Methods for Chemical Analysis

of Water and Wastes (EPA 16020), and other or superceding methods pub-
Tished or approved by the department following consultation with adja-
cent states and concurrence of the Environmental Protection Agency.

(10) Deleterious concentrations of radicactive materials for all
classes shall be as determined by the lowest practicable concentration
attainabie and in no case exceed: (a) 1/3 of the values listed in
WAC 402-24-220 (Column 2, Table II, Appendix A, Rules and Regulations
for Radiation Protection}, or {b) the 1962 U.S. Public Health Service
Drinking Water Standards as revised, or (c} the Radiation Protection
Guides for maximum exposure of critical human organs recommended by the
former Federal Radiation Council in the case of foodstuffs harvested
from waters for human consumption.

{11) Deleterious concentrations of toxic, or other nenradioactive
materials shall be as determined by the department in consideration of
the Report of the National Technical Advisory Cosmittee on Water Quality
Criteria, 1968, and as revised, and/or other relevant information.

WAC 173-201-050 =----m- CHARACTERISTIC USES TO BE PROTECTED. The
following is a noninclusive 1ist of uses to be protected by the various
classifications in fresh and marine waters:

]

11.1-6-4,



USES WATERCOURSE CLASSIFICATION
A

- FISHERIES
Salmonid
Migration
Rearing
Spawning
Warm Water Game Fish
Rearing
Spawning
Other Food Fish
Commercial Fishing
Shell1fish
WILDLIFE
RECREATION
Water Contact
Boating and Fishing
Envirenmental
Aesthetics
WATER SUPPLY
Domestic
Industrial
Agricultural
NAVIGATION
LOG STORAGE AND RAFTING
HYDRO-POWER

==

= 2T ===

MMM M | mT by mmmn M|
==X X

NEW WAC 173-201-080 " -=n-n-= SPECIFIC CLASSIFICATIONS. Various
specific waters of the State of Washington are classified as follows:

Class A (24) Columbia River from Washington-Oregon border (river mile
309) to Grand Coulee Dam (river mile 595). Special condition from
Washington-Oregon border (river mile 309) to Priest Rapids Dam (river
mile 397). Temperature - water temperature shall not exceed 68°F due

in part to measurable (0.5°F} increases resulting from human activities;
ner shall such temperature increases, at any time, exceed t = 110/(7T-15):
for purposes hereof, "t" represents the permissive increase and "T"
represents the water temperature due to all causes combined.

I1.1-G-5
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PLUTONIUM MOVEMENT IN HANFORD SOIL SYSTEMS
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11.1-H PLUTONIUM MOVEMENT IN HANFORD SOIL SYSTEMS [RPB, X.24]

The retention of plutonium by Hanford sediments is well documented for specific waste solutions
and disposal areas.!=18 Laboratory studies show that the bulk of the plutonium in waste solu-
tions at neaE-Eeutra] pH is removed from solution by the sediments relatively close to the dis-
posal point,l- '

I1I.1-H.1 Plutonium in Inorganic Waste Streams

An initial investigation determined that fon exchange5 was the plutonium removai mechanism on
sediments from near-neutral to slightly acid waste solutions. A later study of the effects

of pH on pliutonium removal by Hanford sediments by the same authorf indicated that removal of
plutenium at pH 2.0 or higher was as a polymer or hydrolyzed species, Pu(OH)n+“"". Pu (IV)
polymer carries a positive charge and the final product of polymerization is Pu (OH), or
PuQ;+xH;0.1% Therefare, from about pH 1.0 to 4.0, the plutonium removal mechanism changes from
principally ion exchange to principally precipitation and subsequent filtration by the sediment.
The polymer becomes colloidal in size and neutral to near-neutral in charge over the pH range
9,0 to 12.0 and tends to pass readily through a sediment column.® The removal of piutonium from
a high salt acid waste by sediments was studied.l® Plutonium removal from a solution contain-
ing 5.4 moles per liter nitrates and 0.3 moles per Jiter nitric acid was poor. Organic com-
pounds also caused the removal of plutonium by sediments to be less efficient.

The sediment-plutonium relationships in core samples from the first 2 feet of 216~2-9 covered
crib were studied.l* At least two types of plutonium occurrences were found in 216~2-9 sedi-
ments that received high salt, acid waste from plutonium process operations., Plutonium par~
ticles identified by X~ray diffraction tracings as Pul, were the most conspicuous form, The
Pu0, was filtered out of the waste solution in the first few inches of the sediment column; it
probably entered 216-Z-9 as discrete Pu0, particles.

The sacond type of plutonium occurrence is associated with rock fragment silicate hydrolysis
caused by the highly acidic nature of the waste solutions. The second type of plutonium was
originally in solution in the acid waste. The localized pH rise that occurred during the
hydrolysis reaction may have caused the precipitation of the accompanying plutonium. Hydrolysis
reactions were more intense at high surface area lenses of fine-grained silts in the sediment
column. As a result, higher plutonium concentrations associated with the silt lenses occurred
at random in the 30 feet of sediments investigated. )

Plutonium mobility in sediments from 216-Z-9 covered trench was investigated.!l Column leaching
experiments of surface sediments from 216-Z-9 covered trench indicated that up to 0.1% of the
plutonium could be mobilized by leaching with groundwater. However, after the initial rapid
leach rate of plutonium by 13 column volumes of groundwater, plutonium movement was essentially
nil, Plutonium migration into lower sediment layers then became five orders of magnitude

slower than the velocity of the groundwater soiution. '

The depth of plutonium penetration of the sediment column beneath 216-Z-1A tile field and
216-2-12 covered trench disposal sites was studied.l3 [In the 216-Z-1A tile field that received
& limited volume of kigh salt acid waste, the grams of Pu per gram of sediment varied from

12.4 x 108 at 10 feet below the top of the sediment column to 0,6 x 108 at 18 feet, No
detectable plutonium, on the other hand, could be found on the sediments below 8 feet in
216-7-12 covered trench which received neutralized plutonium-bearing waste,

11.7-H.2 Plutonium in Organic Waste Streams

Reactions with Hanford sediments of organic waste containing piutonium were studied.l? Percola-
tion of organics through the sediments had 1ittle effect on soil permeability for subsequent
filtration of high salt aqueous waste. Sediments removed 1ittle or none of the 233Py from
wastes of dibutyibutyl-phosphonate or di-{2-ethylhexyl) phosphoric acid but essentially all of
the 232py was removed from fabrication oil, & mixture of lard oil and carbon tetrachloride used
as a machining lubricant. None of the organics except di-{2-ethylhexyl) phosphoric acid plus
tributylphosphate in normal paraffin hydrocarbons (a commercial mixture of straight chain hydro-
carbons) and hydroxyacetic acid removed 239Py from the sediments in large quantities. Approxi-
mately 30% of the adsorbed plutonium was removed from a sediment column by the D2EHPA~TBP
mixture, Hydroxyacetic acid removed all of the adsorbed #3°Pu at rates proportional to hydroxy-
acetic acid solution strengths,

I1.1-H.3 Plutonium Movement by Plant Growth

Studies? have shown that only small amounts of 23%u are translocated from the sediments to
plant leaves during plant growth. Leaf to soil ratio for 23%Py was about 0,0007 on the average

II.1-H-1
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for barley.grown on milville silt loam, Cinebar sitt loam and Ephrata fine sandy loam.
Table II,1»H-1 shows the distribution of plutonium found in barley grown in several con-
centrations of plutonium in soil. The shoots to soil ratios ranged from 0.54 x 10™% to
1.3 x 10=% for soil concentrations of 10 uCi/g to 0.05 pCi/g, respectively,17+18

TABLE II.1-H-1

INFLUENCE OF SDIL PLUTONIUM CONCENTRATION ON UPTAKE AND DISTRIBUTION
OF PLUTONIUM IN BARLEY SHOOTS AND ROOTS

. - Plant Uptake of Plutonjum(?)
So1l Shoots Roots

Plutonium Concen- Concen- Concen- - Concen-
Concen- tration, tration tration, tr tjon
tration 10-%uCi/g Factor(b) x 10% 16~*uCi/g Factor(P) x jo*

wCi/y )

10.00 5.4 G.54 36 3.6
0.50 0.95 1.9 3.0 6.0
0.05 0.07 1.3 0.55 11.0

{a) Based on oven-dry (60°C) weight.
(b} (uCi Pu/g oven-dry plant tissue/uCi Pu/g oven-dry soil).

To provide a basis for evaluation of the microbial influences on piutonium tranformations in
50i1 and as a first phase in isolation of plutonium resistant organisms, the effect of soil plu-
tonium concentration on the soil microflora was measured as a function of changes in microbial
types and numbers and soil respiration rate. Plutonjum did not generally affact the rate of
growth of soil microflora but decreased the total numbers of all classes of microorganisms at
Tevels as low as 0.05 uCi/g or 1 uwg/g. The fungi were the exception, differing from the con-
trols only at a plutonium concentration of 10 uCi/g or 180 ug/g.

To provide a preliminary assessment of the potential for microbial alteration of plutonium solu-
bility in soil under aerobic conditions, soils sterilized by gamma irradiation were treated,
incubated and microbial types and numbers and soil respiration rate measured for in the same
general manner as described for the nonsterile soil.

At intervals during incubation over a 30 day period, sterile and nonsterile soils, which con-
tained 10 pCi plutonium/g of soil, were sampled, and the subsamples (1.g) were suspended in

1 Titer of distilled water. Plutonium solubjlity in the nonsterile soil increased by a factor
of 3 with incubation time to 14 days and remained significantly higher than the sterile soil
during the incubation period. This increase qenerally followed the accumulative carbon dioxide
curve, with maximum solubility assured at the end of logarithmic growth for all classes of
organisms. The concentration of plutonium in the 0,01 p filtrate, which represented a plutonium
level less than 0.2% of that applied, did not change significantly with treatment.

At least under the conditions of the study, the evidence strongly suggests that the solubility
of ptutonium in soil is influenced by the activity of the soil microflora. This effect is
closely related to soil respiration rate. Although the mechanism of this effect cannot be
clearly defined at this time, several possibilities exist, including: 1) the direct alteration
of plutonium form such as modificatfon of the plutonium polymer or plutonium valence state;

2) the production of organic acids which may form complexes with piutonium; or 3) the altera-
tion of the pH of the s0il solution in the immediate vicinity of the colloid without measurable
effects on the overall soil pH.

Investigations are presently underway to determine the mechanism of this effect, Resistant micro-
organisms are being isclated using enrichment techniques for further study of the chemical form
of the metal in microbial cells and exocellular media. Furthermore, investigations are underway
to characterize the form of plutonium in plants and of soluble pilutonium in the soil,

Increased water solubility of plutonium following incubation of plutonium containing soils at

optimum conditions for microbial activity may be expected to increase plutonium uptake by plants
provided the plant is not able to exclude the increased metal,
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Regardless of the mechanism for increased plutonium uptake at the lower soil} concentration
levels, most estimates of piutonium hazard to man are based on concentration factors of approxi-
mately 5 x 10-5, derived Targely from studies at the higher soil plutonium levels. Therefore,
the results suggest that new emphasis be placed on determination of plutonium uptake by plants
from soils containing plutonium at environmental levels and re-evaluation of previously accepted
concentration factors,

The piutonium levels in barley roots were factors of 3 to 8 greater than in the barley shoots,
depending upon soil plutonium concentration. Autoradiographs showed that in contyast to the
shoots where plutonium was concentrated near the crown, plutonium was distributed over the
entire length of the root. Ih the system employed, plutonium was not added to the nutrient solu-
tion in which the roots were grown nor was plutonium detected in the nutrient media. Thus, the
plutonium in the roots originated from the soil and was translocated downward from the soil in
the root system. Furthermore, the lack of detectable quantities of plutonium in the nutrient
soTution suggests that plutonium was bound tightly in the root tissue. The implications of
these findings are also important in terms of evaluation of plutonium hazards in the environment
because 1)} root crops directly consumed by man may contain plutonium at levels exceeding those
found in other crop plants in which the tops are consumed; 2) plutonium, considered largely
immobile in soil, may be distributed much further down the soil profile than previously expected
due to its mobility in the plant root system; and 3) decomposing roots may represent a signifi-
cant source of plutonium of different solubility and piant availability than the plutonium
directly entering the soil environment,

In order to provide a better understanding of the fate and hazard of plutonium in the environ-
ment, research must be directed toward determination of 1) the uptake of plutonium by a broad
range of plants from representative soil types containing plutonium at environmental levels,
with emphasis on root crops; 2) the potential for recycling of plutonium present in piant roots;
and 3) the form and behavior of plutonium in soils and plants. Research studies in these areas
are currently in progress.
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APPENDIX II.3-A, Part ]

Population Projections with Geographical

Distributions within 50-Mile Radius of

® Hanford Meteorological Station
.+ 100-N Area
e 300 Area
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FIGURE II.3-A-1 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1973 POPULATION {249,000)
WITHIN A 50-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION

FIGURE 11.3-A-2 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1977 POPULATION (251,000)

WITHIN A 50-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION
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FIGURE 11.3-A-3 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1981 POPULATION (258,000)
WITHIN A 50-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION

FIGURE I1.3-A-4 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 2000 POPULATION (288,000)

WITHIN A 50-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION
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(227,000)

DISTRIBUTION OF THE 1973 POPULATION

WITHIN A 50-MILE RADIUS OF THE 100-N AREA

FIGURE II,.3-A-5 ESTIMATED GEOGRAPHIC
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(232,000)

FIGURE I1.3-A-6 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1977 POPULATION
WITHIN A 50-MILE RADIUS OF THE 100-N AREA
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FIGURE II.3-A-7 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1981 POPULATION {236,000)
WITHIN A 50-MILE RADIUS OF THE 100-N AREA

FIGURE II.3-A-8 ESTIMATED GEQGRAPHIC DISTRIBUTION OF THE 2000 POPULATICN (271,000).

WITHIN A 50-MILE RADIUS OF THE 100-N AREA
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Estimated Water Usage for 50 Miles Downstream

from the 100-N Area (1970)

I1.3-A-1



APPENDIX I1I.3-A, Part 2

ESTIMATED WATER USAGE FOR 50 MILES DOWNSTREAM FROM THE 100-N AREA (1570) g
Annual Quantity {a) {b) Annual Quantity {1
User in Acre-ft Source Use User in Acre-ft Source(a) lse
USBR 20 G D MacRoberts 26 G 1
Bailie 200 S 1 Brown 94 G 1,0
Lloyd 240 S I UsCE 24 G 1,0
AEC 4,500 S c Kennewick 5,600 ] M
AEC 4,380 5 C Kennewick 9,600 G [
AEC 4,500 5 [ State 1,693 G Ip
Herman 16 G 1,D Dietrick 72 G I
Skidmore 6 G 1 UspI 1s G [
City of Richland 67,242 S 1,0,M,  Bumgarner 8 [ B
City of Richland 6,400 G D,M,C Hospital 20 G I,D
Battelle 880 5 1 Pasco 7,000 s M
University of ’ Pasco 209 G M
Washingtan 1,250 s 1 Lolumbia 2,588 G I
Sloat 2 s 1 Collins 12 G I.D
State 9 G o} Olsen 130 G I,D
Pasco s1 S [ Copeland 65 G I,b
Petty 96 S 1 Kloppenstein 150 ] 1,D
Ketchersid . 332 s 1 Clancy 70 6 1,D -
Rogers 1,419 G C Briston 23 G 1
Clark 53 G 1,0 Johnson 50 G 1
Jacobsen 24 G 1,0 Stromme 90 G 1,0
County, Franklin 13,300 S 1 Stromme 40 G 1
Smith 10 G ] County, Franklin 18,300 S I
Hocear 226 G 1,D Philip 12 G I,D
Stout 60 G 1 Philip 12 G 1,0
Driver 3 G 1,0 Kuffetl '8 G 1,0
Young 18 6 1,0 D1son 7 G I1.D
Harris 12 G 1,D Rogers” 2,838 G C
Haxson 120 G 1,0 Rogers 490 G C
Grove 1 G 1,0 Washington State 3,349 G 1,0
Columbia Basin Columbia 915 G 1
College 171 G H Pasco 300 G I.D
Kahlen 50 G 1,D NPRY 108 G [4
Wirth 50 G 1.0 Sea. Hard. 116 G 1,D,C
Collier Carbon 113 G [ Close 8 G I,D }
Attied 3 5 o Mudd 8 G 1 .
Henthel 3 5 I Fanning 32 G 1,D
Mulien 96 G 1 Frontier 127 G 1,D,C
Lanning 136 G 1 Columbia 845 G 1
Pride 24 G ] Columbia 83% 6 I
Gustafson 60 G 1 Columbia 719 G 1
Laird 80 G I Livestock 120 G I,
Seidle 100 G 1 kennewick 3,200 G C
Howard 80 6 V1 Atwood 60 [ 1,0
Rush 300 G 1 Franklin 38 G 1,D
glair 137 G 1] Beauchamp B0 G 1.0
Lampon 7 G 1 Thomas 18 <] i
8lair 140 & I #ount 19 G I
Valdez 28 G I Laird 72 G 1
School 184 G I,D Hensinger 16 G 1
Slocumb 7 G 1,0 Freeman 48 G 1
Eggers 100 G 1 Corn 46 6 1,0
Tink 50 G D Gregg 36 G 1
Chevron 13,040 G c USCE 50 G 1D
Philiips 323 5 ¢ Gen. Chem. 32 G c
Rick 1 G 1.0 Richards 82 G 1
Blair 40 [ 1,0 Columbia 2,588 G 1
Sandvik 293 G c Burnham 40 G I
Calhoun 45 G I,D USFUS 684 G 1
Tomas 376 5 I.D Umbarger 320 G 1,p
Carnahan 34 G I Port of Walla Walla 52 G C
Bennett 60 G 1 Benninghaven 950 G 1.0
Phi 158 G 1
1ips TOTAL 190,000
{a) G = Well, S = Surface
{b) 1 = Irrigation, D = Domestic,
M = Municipal, C = Commercial
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APPENDIX II.3-A, Part 3

ARCHAEOLOGICAL SITES AND DESCRIPTION

A number of archaeological sites in the Hanford Reservation area have been identifiedl:2 and are

described in the following table.

Research Center, Washington State University, Pullman, Washington.

Identification numbers were assigned by the Archaeological

ERDA procedures are derjved

in part from pelicies to provide for the preservation of historic or cultural American sites,
buiidings, objects, structures, and antiquities of national significance as required by the
Federal Antiquity Act of 1906 (16USC 4371 et sey.),the Historic $ites Act of 1935 (16USC 461
et seq.), and.the National Historical Praeservation Act of 1966 (16USC 470 et seq.).

458N105

This fs a possible housepit site located on a sheltered bench
1.0 mites north of the old North Richland townsite. {SW 1/4
of the SE 1/4 of Sec. 11, T.10M., R.28E,, H.M.).

The site consists of scattered concentrations of camp rock
along the riverbank and may include as many as four or five
housepits on the beach above the bank. The site is ahout
200 ft long and 150 ft wide.

Artifacts encountered include cobble toots and hopper mortar.
45BNT06

This is an open camp site located immedfdte]y to the southeast
of the 300 Area along the riverbank, ({Center of Sec. 17,
T.10M., R.22E., H.M.?.

The site consists of scattered concentrations of camp rock,

flakes, and shell. It is about 400 Ft long and 150 ft wide.

Artifacts encountered include stemmed projectile points, cobble
tools, and hopper mortars.

45BN145

This is an ethnographically reported camp site located on the
south bank of the Columbia opposite a large island upstream from
Locke Island. (MW 1/4 of Sec. 12, T.}aN., R.26E,, W.M.).

The site consists of three or four mat lodge depressions on a
gravel bar close to water's edge. Much camp rock and many flakes

are scattered around .the encampment. The site was reportedly last

occupied about 1915.

Artifacts encountered include cobble tools, hopper mertars, a
chipped stone knife, corner-notched projectile psints, and a
grooved net weight.

45BN162

This 15 an apen camp site located along the riverbank at the
300 ?rea. {SE 1/4 of the SW 1/4 of Sec. 11, T.10N., R.ZHE.,
H.H.).

The site consists of scattered concentrations of camp rock,
flakes, and shell. It jis about 600 ft long and 150 ft wide.

Artifacts encountered include cobble tools, notched pebble
sinkers, grooved net weights, hopper mortars, a glass trade
bead, and a military butten.

45BN163

This §5 a possible housepit site located on the west bank of
the Columbia just opposite the lower end of the isiand immedi-
ately upstream from the 300 area, (E 1/% of the NW 1/4 of
Sec. 2, T.10N., R.2BE., W.M.).

The site consists of scattered concentrations of camp rock,
flakes, shell. Several hearth areas are exposed in the bank
and there are five or six oval-shaped depressions strung in a
iine on the bench abpve the bank, suggesting housepits. The
site is about 400 ft long and, 100 ft wide.

Artifacts encountered include cobbie tools, hopper mortars,
ahd a faceted blue-glass trade bead.
45BN164

This 15 an open camp site lpcated on the sputhern end of the
island just upstream from the 300 Area. ({Center of Sec. 2,
5.108,, R.28E., W.M.).

The site consists of scattered concentrations of camp rock,
flakes, and shell., It is about 250 ft lomg and 200 ft wide.

Artifacts encountered include cobble tools, notched pebble
sinkers, and cerner-notched projectile points.

450N 65

This site is a fishing station located on the west bank of the
Columbia about 1.0 miles north of the 300 Area, (NE 1/4 of the
SH 174 of Sec. 35, T.1IN., R.28E., W.M.).

The site consists of concentrations of cobble tools and notched
pebble sinkers. It is about 125 ft long and 30 ft wide.

450K166

This is an open camp site located on the west bank of the
Cotumbia about 1.7 miles north of the 300 Area., (SN 1/4 of
the SE 1/4 of Sec. 26, and the W 1/2 of the NE 1/4 of Sec, 35,
T.1IN., R.2BE., H.M.).

The site consists of scattered concentrations of camp rock.
Several hearth areas are eroding out of the bank. The site
is about 300 ft long and 75 ft wide.

Artifacts encountered include cobble tools and a grooved
net weight.

45BN167

This is an apen camp site Jocated on the west bank of the
Columbia about 2.1 miles north of the 305 Arca. (SW 1/4 of
the NE 1/4 of Sec. 26, T.1¥N., R.28E., W.M.).

The site consists of concentrations of camp rock, flakes.
and shell. Hearth ereas are eroding out of the bank and it
is possibie that there are some filled-in housepits on the
bench abovesthe bank. The site is about 350 ft long and
100 ft wide,

Artifacts encountered include cobble tools, notched pebble
sinkers, hopper mortars, & contracted-stemmed projectile

_ point, and a blue-glass trade bead.

45BN168

This 15 & housepit site locatéd absut 100 yd south of the
lower end of Wooded Island on the west bank of the Columbia,
or approximately 2.4 miles north of the 300 Area, (NW 1/4
of the HE 1/4 of Sec. 26, T.11N., R.28E., W.M.).

The site consists of four or five housepit depressions on &
ggnch ogerlooking the river. It is about 100 ft Jong and
ft wide.

No artifacts were encountered.

45BN169

This is a housepit site located on a bench on the west bank
of the Columbia about 0.3 miles northeast of the Banton
Substation. (NW 1/4 of the NE 1/4 of Sec. 11, T.1iM.,
R.28E., W.M.).

The site consists of 8 to 10 housepits and shows scattered
concentrations of camp rock, flakes, and shell at the base
of the riverbank. It is 200 ft long and 150 ft wide,

No artifacts were encountered.
A5BN170

This i3 an open camp site located at Rattlesmake Springs,
which ldes at the terminus of Yakima Ridge. (SE 174 of
Sec. 20, T.12N., R.25E., W.M.}.

The gite consists of scattered concentrations of camp rock
and flakes. It is severely eroded by wind deflation and is
superimposed upon geological units which contain at least
three volcanic ashes. It is about 600 £t long and 400 ft
wide. Historically, this is the site of the Perkins Massacre
which took place on or about Julty 10, 1878,

o artifacts were encountered.
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4588171

This is ar open camp site located about 0.2 miles east of
Rattlesnake Springs on the north bank of Dry Cresk. (Center
of the SN 1/4 of Sec. 21, T.12K., R.26E., W.M.).

The site consists of small quantities of camp rock and
scattered flakes, [% has been severely eroded by wind defla-
tfon. The site is about 300 ft long and 150 ft wide.

Two leaf-shaped points were encountered,

45BN172

This is an open camp site Tocated about G.25 miles from the
mouth of the Snively Canyon on the east side of the road.
(NW 1/4 of the SW /4 of Sec. 5, T.11M., R.25E,, H.M.).

The site consists of scattered camp rock and flakes. It is
about 150 ft long and equaily wide.

Ar:ifacts encountered include a corner-notched projectile
point.

45BN173

This is an open camp site located at the Snively Ranch,
(NE 1/4 of the SW 1/4 of Sec. 8, T.1IN., R.25E., W.M.).

The site consists of a few flakes, bone fragments, and some
firecracked rock exposed in a bank to the sputhwest of the
r?ggh house about 30 ft. It is about 50 £t leng and 30 ft
wide,

Artifacts encountered fnclude a pestle and a plece of warked
antler,

458H174

This is an open camp site Jocated on the western side of

West Lake, just south of the western terminus of GabYe Mountain.

(SW 174 of the NE 1/4 of Sec. 22, T.13N., R.26E., W.M.).

The site consists of a concentration of camp rock and flakes.
It has been severely eroded by wind deflation, The site is
about 75 ft long and 50 ft wide. '

Artifacts encoyntered include corner-notched and contracted-
stemmed points, and a bifacially flaked cobble tool.

A5BN175

This is an open camp site located at a spring close to the
sumit of Rattlesnake Mountain., {SE 1/4 of the SW 1/4 of
Sec. 30, T.118., R.26E., W.M.), .

The site consists of scattered flakes op a rathar rocky surface
with a small amount of fi11, The site has been largely des-
troyed by construction of a pumphouse and bulldozing for a road
and transmission 1ine. It is about 50 ft long and 30 ft wide,

Artifacts encountered include small stemmed and corner-netched
projectile paints,

46BN176

This 15 an ethnographically reported camp site Jocated about
0.2 miles east of 100-H Arza. (NW 1/4 of SW 1/4 of Sec. 17,
T.14N., R.27E., W.M.}

The site consists of three or four mat lodge depressions on a
gravel bar and a cache of belongings in an adjacent bank. Much
camp rock and few flakes are scattered arsund the encampment.
The site was last occupied about 1942.

No artifacts were encountered.

45BN178

This is an open camp site located on the west bank of the 100-F
Area slough in 2 sand dune. (NE 1/4 of the NE 1/4 of Sec. 4,
T 13N, R.27E., W.H.).

The site consists of scattered concentrations of camp rock and
flakes. It is about 400 ft long and 300 ft wide.
Artifacts encountered include a corner-notched projectile point.

45FR266

This is a historic site Jocated on the east bank of the Columbia
opposite East White Bluffs townsite. (€ 1/2 of Sec. 29, T.14M.,
R.27E., WM.

The site consists of scattered concentrations of camp rock,
flakes, and shell. In addition, the site {is of historic inter-
est because of a small log house which was reportedly buflt in
the 1850's and used as a blacksmfth shop. The site Is about
2000 ft long 500 ft wide.

Artifacts encountered include cobble teools, notched pebble
sinkers, pestles, small corner-notched points, glass trade
beads, and a c¢lam shell disc bead.

45GR325

This site is a flaking floor located on the Wahluke Slope above
the White Bluffs and south of State Highway 24. (N 1/2 of the
NW 1/4 of Sec. 6, T.14M., R.26E,, H.H.?.

The site consists of scattered cores and chipging detritus.
These have been exposed by wind deflation on the tops and

sides of small knolls along Northern Pacific Railway right-
of-way.

Ar:ffacts encountered include cores and corner-notched projectile
points.

Archaeological Localities

Gable Butte Locality

The Gable Butte locality lies a short ways to the socuth of 100-8
and 100-K Areas. It includes area in Sections 13 and 14, T.I30.,
R.25E., and Sections 18, 19, and 20, T.13N., R.26E,, W.H.

Several flakes and rock pfiles were found aleng the top of the
ridge at the western end of the locality,

Corner-notched projectile points were encountered from this
locaiity.

Gable Mountain Locality

The Gable Mountain Locality 1ies to the northeast of 200-E
Area. It includes area in Sections 13, 14, 15, 22, 23, 24,
;.;gg., 5.&55.. and Sections 18, 19, 20, and 21, T.i3K.,

Relander {1956:306)3 reports that this locaiity was one of tha
princtpal places where Indfan boys and girls were sent on thair
spirit quests, '

A corner-notched projectile point was encountered.

The Shifting Dunes Locality

The Shifting Dunes locality 1fes along the west bank of the
Columbia opposite Ringold Flat and the ower end of Savage
Istand. It includes area in Sections 8, 9, 15, 16, 17, 18,
18, 20, 21, 22, 23, 26, 27, and 28, T.12N., R.2BE., W.M.

This locality evidently contains numarous small camp sites
that have been daflated by wind erosfon and then buried by
the shifting sands.

Corner- and basal-notched projectile points were encountered.
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I1.3-B, Part 1 Hanford Geology Data

I1.3-B.1 Geomorphology

Eastern Washington is dominated by the Columbia Basin geologic province which encompasses about
50,000 square miles of southeastern Washington and adjacent parts of Idaho and Oregon (Fig-

ure II.3-B~1). The Basin is underiain by the vast field of flood lavas of the Columbia River
Basalt Group. Today those lavas and the grourid: surface generally dip radially inward toward the
Pasco Basin, the slightly off-centered physiographic low of the larger Columbia Basin.

The Columbia, Snake, Yakima and Walla Walla rivers reflect the regional gradients, drain cen-
tripetally and join within a few miles of each other within the Pasco Basin. To the south the
Columbia River exits from the Pasco Basin through Wailula Gap at an altitude of about 340 feet,
then giogs westward through an ever-deepening gorge unti) it exits from the region through the
Cascade Range.

The ERDA Hanford Reservation overlies the structural low point of the Pasco Basin. The Hanford
Reservation is bounded to the southwest, west and north by large anticlinal ridges that trend
eastward from the Cascade Range, enter the Pasco Basin and die out within its confines. The
Reservation is bounded to the east by the Columbia River and the steep and imposing, west-facing
White Bluffs of the Ringold Formation. Beyond them the gently rising basaltic lava flows lead
into the Palouse country of eastern Washington. To the southeast the Reservation is bounded by
the confluence of the Yakima and Columbia Rivers and by the City of Richland.

The Hanford Reservation lies on the Tow-lying, partly dissected and modified alluvial plain of
the Columbia River within the central part of the Pasco Basin. Altitudes range from a low of
about 345 feet in the southeastern part of the Reservation to a high of about 800 feet in the
northwest corner. Beyond the plains, the bordering White Bluffs rise to a maximum altitude of
980 feet above sea level and the anticlinal ridges to the west rise to a maximum altitude of
3,586 feet atop the cfest of the Rattlesnake Hills.

The Hanford alluvial plain contains a mix of aggradational and degradational features that
reflect part of the complex geological history and development (Table I1.3-B-1) of the Pasco
Basin, especially during the latter part of the Pieistocene and the entire Holocene epoch
(approximately the Tast 100,000 years). The discontinuous plain, as originally formed about
18,000 to 20,000 years ago and significantly modified about 12,000 years ago, sloped from a

high of perhaps 700 to 800 feet above sea level in the northwest, to about 100 feet lower in the
southeast. Subsequent to the deposition of the basin fill sediments, the Columbia River shifted
generally northeastward as it adjusted its base level and its grade. Estimates of its latera]
rates of shift range up to a foot per year. Today relic channels, some attributable.to the last
flood, cross the northeast part of the reservation. In the process of eastward shifting con-
comitant with downcutting, several benches or terraces related to the floods were further modi-
fied. They are best displayed in the southern part of the Reservation south of the Hanford Hye
road jlnction. There the uppermost terrace lies at an altitude of 500 to 540 feet, while the
Tower terrace is 100 feet lower (400 to 440 feet), with the escarpment of ‘boundary between the
two paralleling the Columbia River and about 4 to 5 miles from the river.

Subsequent to the river shift, wind action simultaneously established two sets of dunes that now
cross both terraces indiscriminately. The first set forms a belt that extends from the Junction
of Cold and Dry Creek vaileys to a point halfway to the Yakima Horn, thence east-northeastward
immediately north of the Hanford Wye road junction to the Columbia River. There they form a
belt 4 miles wide immediately south of the Hanford townsite to a point opposite Ringold on the
east bank of the Columbia River. They evidently originated in Cold Creek Valley by defiation

of the valley and wind transport of the sands to the east-northeast.

The second group of dunes focuses on the area between the Yakima Horn and North Richland, with,
the dunes dying out to the northwest and southwest. The dunes trend northeastward. Their east-
ward convergence with the more northerly belt indicates a somewhat different direction of the
prevailing winds at different localities. To a large extent this is topographic control or the
presence of wind gaps and anticlinal ridges in the wind's path.

Both sets of dunes evidently developed in the dry and warm climate of the Altithermal interval
and have in part stabilized as a result of subsequent climatic changes. Both sets attest to
some eastward migration of the Columbia River and to the lack of its presence on the Hanford
Reservation in the time since dune emplacement. Otherwise the dunes would have been breached.

The eastward shift of the Columbia River evidently is continuing in the northern reaches of the
Reservation. Thus, the northern reaches of the White Bluffs (north of the Hanford townsite)
are being actively undercut. Landslides of up to 1 million cubic yards have occurred and will
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TABLE II.3.B-1
GEOLOGICAL HISTORY OF PASCO BASIN

ERA SYSTEM  SERIES GEOLOGIC UN{T MATERIAL
HOLOGENE UNES AND EOLIAN SEDIMENTS SANDS, INCREASINGLY FINER AND QUARTZ-RICH TO
{0-4D FEET THICK) THE NORTHEAST
ALLUVIUN, COLLUVIUM, LANDSLIDES  UNSORTED RUBGLE AND DEBRLS, LOCALLY INTERFINGER
g £0-100 FEET THICK} WITH RINGOLD FORMATION AND PASCO GRAVELS
3 PASCO GRAVELS AND THE TOUCHET SANDS AND GRAVELS OCCURRING AS GLACIAL FLOGD
E- BEDS {0-400 FEET THICK] DEPOSITS. COMMONLY ROUGHLY GRADED. UNCON-
3 SOLIDATED BUT KIGHLY COMPACT.
g PALOUSE SOILS WIND-TRANSPORTED AND DEPOS ITED SILT, LOCALLY'
rg {0-30 FEET THICK) WEATHERED TO CLAY
7] PLEISTOCENE RINGOLD WELL-BEDDED FLUVIAL AND FLODD-PLAIN SILTS, SANDS

AND GRAVEL. POCRLY SORTED, COMPACT BUT VARIABLY

CEMENTED, BASAL PORTION LARGELY SILT AND CLAY

OF HIGHLY VAR|ABLE THICKNESS, REMAINDER OF FOR~

MATION IS INTERBEDDED GRAVEL, SAND AND SILT.
FORMATI O {0-1200 FEET THICK) GENTLY DEFORMED.

VOLCANICLASTIC ROCKS AND THEIR WEATHERING
PRODUCTS, LARGELY CLAYS, GRADES |NTO AND INTER-

ELLENS BURG (20-200 FEET THICK)

PLIGCENE FINGERS WITH RINGOLD FORMATION SEDIMENTS,
O
. S YAKIMA BASALT FORMATION BASALTIC LAVAS WITH INTERBEDDED STREAM SEDIMENTS
& ochiE = % {PROB. 2500 FEET THICK) IN UPPER PART, LOCALLY FOLDED AND FAULTED.
= M 2=
& gﬁ PICTURE GORGE FORMATION BASALTIC LAVAS
g EQUIVALENT (2}
OLIGOCENE 52.; {PROB. 1500 FEET THICK)
= ? BASALTIC LAVAS POSSIBLY COMPARABLE TO THE
. =3 TEANAWAY BASALTS
ocme = & PROBABLY SANDSTONES COMPARABLE TO THE SWAUK
& AND ROSLYN FORMATIONS
PALEOCENE | 7 ?
ROCKS OF UNCERTALN AGE, TYPE PROBABLY METASEDIMENTS AND METAVOLCANICS
AND STRUCTURE INTRUDED BY GRANITIC ROCKS

MESOZOLC

recur as the bluffs are oversteepened. The addition of large volumes of irrigation waste waters
from the Columbia Basin Irrigation Project to ground near the crast of the Bluffs increases the
potential of such slides.

I1.3-B.2 Soils

Eastern Washington, in the rain-shadow of the Cascade Mountains, has experienced a continususiy
semi-arid to arid climate for nearly 12,000 years. Most of the Hanford Reservation is under-

lain by generally coarse-grained sediments! deposited by several glacial floods. The surficial
sediments generally were ineffectually weathered and only locally show the A, B and C 5011 hori-
zons developing from the regolith, or the organic matter te distingquish true soils from thefr
parent materials. Consequently, a working definition of most Hanford soils includes the mate-
rials within the root zone of the native perennial plants. This is a variable depth value depend-
ing on the plant species.

A1l the materials overlying hasalt bedrock have at least some physical properties that generally
are identified with soils in an engineering sense. That concept corresponds to the pedologist's
or geologist's definition of regolith. Most of those materials also have geologic properties
such as formation identity, stratigraphic continuity, weak to moderate induration and ccherence,
and a physical origin that permits their description in geologic terms.

Most of the Hanford Reservation is underlain by sediments laid down by the glacial Lake Missoula
floods, particularly of 18,000 to 20,000 years ago and about 12,000 years ago. Those sediments,
at or near the ground surface, rangs from coarse boulder and cobble gravel in the extreme north-
ern reaches of the Hanford Reservation to sandy cobble to granule gravels in the central part of
the Reservation to coarse sands in the southern part. Adjacent to the Yakima and Rattlesnake
Hi1ls the sediments grade into silts and fine sands. The distribution reflects the velocity of
the flood waters depositing the sediments: the greatest velocities where the floods debouched

11.3-B-6



s

from the Columbia River gorge upstream from Hanford; less where the flood waters spread out in
the Pasco Basin; and least in the lee of ridges and with the shallow waters adjacent to the

bordering mountain masses.

As a result of the semi-arid to arid environment that prevailed for at Teast 12,000 years, the
entire Reservation was blanketed by at least a thin veneer of wind-blown (eolian) sediments.
These were derived largely from the flood deposits, most of it locally but some from as far as
the lower Yakima and Columbia River vaileys upwind (southwest) of the Hanford Reservation. The
eolian sediments thus range from very fine sands and silts that in some places blanket coarse
gravels and basalt bedrock, to coarse sands that were moved only short distances and can
scarcely be distinguished from the parent materials.

Generally, true soil profiles developed only where fine-grained and poorily drained sediments
prevail, as in Cold Creek Valley. There, under the prevailing conditions, weathering is more
effective than elsewhere and true A, B and C horizons develop from the regolith.

The eolian sediments not only variably blanket the Hanford Reservation from negligible thick-

nesses to 50 feet or more, in the case of live dunes, but the eolian silts locally have sifted
into the fTuvial sands and gravels to depths up to 5 feet. This decreases the ground's infil-
tration capacity. When that condition combines with frozen ground, local runcff occurs.

Numerous dunes and dune features prevail on site. Incorporation of the Mount Mazama ash bed in
some now stabilized dunes indicates a period of dune formation 6000 to 7000 years ago during the
ATtithermal interval. Subsequent ciimatic changes are indicated that stabilized the dunes. South
of the Hanford townsite, and elsewhere where the vegetal cover was destroyed in road cuts or
burned areas, active dune movement s again underway.

11.3-B.3 The Basement Rocks

The basement rocks, those underlying the basaltic lava flows, are of uncertain composition.
Certain rock types can be projected from the margins of the Columbia Basin 100 to 150 miles
away, and certain prebasalt rocks can be logically inferred from the known general geologic
history of the region. On these bases, and from data from the Basalt Explorer Well near Odessa,
Washington, sandstones and shales comparable to the Swauk Formation of the Blewett and Swauk
Pass areas of Washington may 1ie beneath the region. Beneath them are probably granitic rocks
comparable to those in Okanogan Highlands, the Snoqualmie Pass area of the Cascade range, the
Moscow Basin, Idaho, the base of the Basalt Explorer Well, and parts of the core of the Blue
Mountains, Oregon.2 Granite rocks there were intruded into largely Paleozoic and early Mesozoic
metavolcanic and metasedimentary rocks whose equivalents perhaps occur beneath the Pasco Basin.
Alternatively, a still thicker basalt section is possibie.

I1.3-B.4 The Coiumbia River Basalt Group

The Columbia Basalt Plateau is one of the world's greatest continental accumulations of basaltic
lava flows. The total area covered is estimated at 250,000 to 300,000 square miles and comprises
more than 100,000 cubic miles of lava. In the 50,000 square miles of Columbia Basin probably
more than 60,000 cubic miles of lava have accumulated (Figure II,3-B-2},

The northern part of the Columbia Basin centers around the Pasco Basin, the topographic and
structural low point of the Columbia Plateau area. In 1957 and 1958, the Standard 0i1 Company
of California drilied an exploratory and stratigraphic test well (Rattlesnake No. 1) in the
Pasco Basin to a depth of 70,655 ft, still in basalt. The well was reopened and relogged in
1968.% Current estimates are that the sequence is at least 12,000 feet thick. Other data indi-
cate a probably orderly accumulation of more than 100 basait flows, emitted concomitantly with
the subsidence of the basin. If the oldest flows are Eocene in age as has been suggested,
roughly 50 milTion years were available for emission of the complete sequence up to the about

8 million years age of the youngest flow. An average rate of emission then is roughly one flow
per 500,000 years.

No other comparably deep wells have been drilled within the Pasco Basin or its periphery. Within
the Pasco Basin, four deep wells and core holes were drilled to depths of 5661, 3540, 5002 and
4766 feet.* Above those depths, the data on the nature and character of the basalt sequence
increase rapidly as the result of available outcrops and many wells drilled for geologic infor-
mation and for water supply purposes.

I1,3-B-7
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The basailt sequence tentatively is divided into a series of possible formational units. The
divisions are based on: 1) identified, evidently significant, changes in the chemistry of the
basalts, 2) estimated ages based upon floral assemblages from polien in coal beds in the Rattle-
snake No. 1 well and 3) two initial potassium-argon age dates on basalts.® The very Timited data
can resuit in numerous interpretations, of which Figure II.3-B-26 is one. Unpublished and Targely
unavailable data will, when evaluated, result in increasing detail and a corresponding improve-~
ment in the interpretation.

The sources of extrusion of the early flows are unknown., ATl appear to be the plateau type of
basalt, emitted from fissures by quiet extrusions.* Various dike swarms are known that may have
been sources, but none are demonstrated as sources of the early flows. One pocsibility is tne
Teanaway dike swarm in the Mount Stuart area, Washington. Within the upper 1000 feet of the
sequence, sufficient data are available to indicate that most of the flows in the western part of
the plateau were moving between north and west when emplaced.5 Progressively upward in the sec-
tion. the evidénce increasingly indicates that dike swarms in extreme northeastern Qregon w:re
the vents for some of the flows. One vent for ane or more flows Ties in eastern-most Washington,
another, feeding at least the youngest recognized flow, is at Ice Harbor Dam on the Tower Snake
River.* The presence of that many sources suggests that more may be present, perhaps buried vy
Tater flows beneath the Pasco Basin.

The Tater basalt flows generally advanced northwestward across the Pasco Basin. They pinch out
in an offlap relationship to the plateau margins, the effect of the continuing subsidence and
resulting opposed gradient. Many flows divided into flow units, whereby separate tongues.
gushes or spurts of lava emerged from the main flow.

II1.3-B.5 The Ellensburg Formation

Within the upper part of the basalt sequence, sedimentary material are increasingly important

upward, beginning with the Vantage sandstone. These include tuffs and tuffacecus sedimenis of
many kinds, in part now altered to clays. Virtually every basalt flow above the Vantage sand-
stone horizon is capped, at one site or another, by stream-deposited sediments. Their extent

and thickness generally increase upward in the section. The Jower beds tend toward rock types
common to the Okanogan Highlands, southern British Columbia and the north Cascades. The upper
beds show an increasing preponderance of volcanic debris referred to as the Etlensburg :

Formation.

About 15 million years ago, the ancestral Columbia River was crossing central Washington, laying
down trains of gravels, sands, silts and clays comparable to today's Columbia River sedimrnts.
As the basalt flows advanced upon the river, they forced it westward toward Yakima. As the
basin subsided, the river returned by gravity to the basin center, leaving its sediment trains
as a mark of its earlier courses. East of the current course, river sediments are virtually
nonexisgent between basalt flows, attesting to the shifting only westward from the current basin
center.

In addition to the interbasalt sediments, the basait flows themselves record the river's presence,
Pillow basalts, palagonite and pillow-palagonite complexes at the bases of flows identify the
former presence of water into which the flows advanced. Oftentimes they contain features indi-
cating the direction of flow movement. In many instances the compiexes with or without sedi-
mentary interbeds are important and confined, sometimes artesian, aquifers.

Continuing subsidence resulted in maximum thickness of the basalt sequence and accumulation of
the greatest number of flows in the Pasco Basin. The Pasco Basin Tow probably centered south-
west of its current position, at least late in flow emplacement, as suggested by isopach maps of
various members. Numerous thin beds of coal in the Rattlesnake No. 1 well, but not in other
deep wells in comparable amounts, indicate a poorly drained area that may have been the basin
low point for extended periods.

Anticlinal uplift began in the latter stages of flaw emplacement. In some sites, near the Cas-
cades, it may have been nearly 15 million years ago, roughly the time when the ancestral Columbia
River first appeared in south-central Washington. Probably the ancestral Columbia River's
appearance coincided with the beginning of uplift of the north Cascades which likely diverted the
river from its westerly course north of the Pasco Basin.

Anticlinal uplift, together with basining, locked the ancestral Columbia River into the Fasco
Basin once the ridges rose high enough that they were no loager periodically buried. The last
few of the basalt flows and intervening interbeds clearly show thinning over the ridges and
thickening in the vaileys and pinchout where topographic highs were great enough.

11.3~-B-9



Uplift progressed roughly from north to south with Umtanum Ridge and the Yakima Range rising
first (or fastest) in the Pasco Basin, then the Saddle Mountains, Rattlesnake Hiils, and the
Horse Heaven Hills. The ancestral Columbia River, flowing southwestward from its locked-in
position in the Pasco Basin across the Horse Heaven Hills, was diverted to the structural low
that now is Wallula Gap. The combined uplift of the Horse Heaven Hilis and Rattlesnake Hills
probably caused the shift of the early Pasco Basin low point from the lower Yakima Vailey to its
current position.

The last four of the basalt flows (two Ice Harbor, the Elephant Mountain and Ward Gap are cur-
rently recognized) are progressively smaller and more restricted to the current basin center,
The Tast one and probably two were emitted near Ice Harbor Dam, about 20 miles southeast of the
nearest part of the Hanford Reservation. Only one of them barely reaches the Hanford Reserva-
tion and s recognized in few wells to date,’

The progressive decrease in indicated lateral extent (and probably volume as well) of the last
four flows suggests depletion of a lava source. Comparable events must have occurred earlier,
with an interval of some millions of years, prior to new fiow emission.

IT1.3-B.6 Anticlinal Upiift and Faulting

Creation of the anticlines was dominantly by uplift, probably relating from long-term basining.
Some faults may have developed as an early phase, but folding is a predominant reaction, with
renewal of fault movement as an alternative. Generally the stresses that developed in deforma-
tion were relieved by slippage along the many joints and bedding planes, oftentimes on clay-rich
sediments of the Ellensburg Formation, which thereby give the impression of fault gouge and major
faults.® Folding of the basalt sequence with no superincumbent cover also resulted in sinuous
fold axes at the ground surface, in some sites en echelon fold axes. At other sites cross folds
complicate the structures. In all instances the divergence from single, well-defined, regular
axes can be attributed to differing responses to folding of the variably-jointed, highly-layered
basalt sequence. The sinuousity and en echelon nature of the fold axes and the presence of

cross folds have led investigators to assume the presence of cross faults with strike slip off-
set up to one-third of a mile. This situation prevailed at Gable Butte and Gable Mountain on

the Hanford Reservation.® To date, no strike-slip faults of any magnitude have been demonstrated
in the Pasco Basin.

The dominant type of faulting is normal faulting, in some instances developing into graben-1ike
structures as inferred in the Badger Canyon area and as occurs in parts of the Saddle Mountains.
Thrust faults locally are significant, especially where folding has been intense. In some
instances antithetic faulting developed, with portions of the uplified anticlines downdropped.

Numerous faults are hypothesized on varicus bases, including topographic expression,l? and aerial
photointerpretation.? The most important one postulated is that ailong the Dlympic~Wallowa Linea-
ment, particularly the Rattlesnake-Wallula-Milton-Freewater segment and the Rattlesnake-Wallula
segment.l! Some persons have attributed gross amounts of strike-siip movement to the hypothe~
sized Lineament fault, analogous to the San Andreas fault, but without citing specific evidence
for the fault or its offset. MNeither the Oregon geologic map (1969)!2 nor the Oregon grayity
mapl3® acknowledge or submit evidence in support of such a fault in Oregon.

' Numerous signs of at least lecal faults are present along the various named segments of the

Olympic-Wallowa Lineament. The maximum inferred stratigraphic offset on a postulated fault is
300 feet in the Badger Canyon area,!* compared to a maximum of about 1500 feet of total strati-
graphic offset by combined folding and faulting along the same segment. Thus this fault offset
is less than a major part of the total offset, a situation generally prevalent in south-central
Washington. In the same general area, 500 feet of stratigraphic offset, as determined from
drilled wells, may be largely fault offset. In some sites along the Olympic-Wallowa Lineament,
faults are spatially removed from the fold axes, hence are “primary" in origin. However, all
faults are associated with the anticlinal ridges and in some’ instances pass longitudinally into
folds. Because of their relatively minor surface offset, the faults are "secondary" in impor-
tance to folds although locally "primary" in origin. -

The Rattlesnake Hills to Wallula Gap structure is an alignment of discontinuous elongate domes
or doubly terminated anticlines with only local signs of faulting and none in several summit
excavations. The structures between the domes, where visible or otherwise determined from the
records of wells, are a sequence of flat-Tying flows with no direct evidence for significant
fault offset.

At the Yakima River water gap at the southeast end of the Rattlesnake Hills no folding or
faulting is present. Northwestward along the north face of the Rattlesnake Hills anticline
folding a?§1n becomes prominent, without identification of prominent faults or recent fault
movement.
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The small amount of clearly demonstrable surface faulting, the minimal visible offset (compared
to Basin and Range structures} and the 10 to 15 miliion years for the structures to develop
indicate an overall low rate of diastrophism. Continuing activity is suggested, howeveri by
apparent tilting of recent (12,000 years old) sediments at two widely separated sites,® 18
reported cracking of the ground near Walla Walla during the Milton-Freewater earthquake of 1936
along lines paralleling the Horse Heaven Hills, and possible antithetic fauiting of Ellensburg
Formation beds and clastic dikes west of Prosser in the Horse Heaven Hills.

The faults along the Lineament evidently are associated with the Horse Heaven Hills anticline and
similar structures rather than a major northwest trending transcurrent feature. A major Olympic-
Waliula Lineament, 1f present as a strugture, is not and has not been tectonically active since
Miocene time, except possibly where its strike coincides with the strike of other structures (the
Horse Heaven HiIng. This is suggested by the upl1ift of the Blue Mountains, the Cascade Range,
and the Yakima and Umtanum Ridges across the trend of the Lineament. None of those features show
yet-identified evidence of fault offset attributable to movement along that Lineament and espe-
cially the gross strike-slip offset required for a major transcurrent feature.

The Rattlesnake Hills, the most prominent anticlinal ridge in southcentral Washington, consist of
two main segments. The first is the eastwest trending. segment that extends from the southwest
corner of the Hanford Reservation to and beyond the Union Gap where it becomes Ahtanum Ridge.

The second segment extends from the Yakima River water gap north of Benton City northwestward to
the southwest corner of the Hanford Reservation. There it overlaps the east-west segment at the
site of the Standard 011 Company of California Rattlesnake No, 1 well,l®

Both anticlines are asymmetrical, with the steeper face on the northerly side, Much of the total
range remains to be studied, but work at intervals along it has yet to disclose evidence of major
faults. Indeed the structure appears to be a sequence of overlapping, in part en echelon, anti-
¢linal folds. The site of overlap of the two segments resulted in the near symmetry of the ridge
such that the Rattlesnake No. 1 well penetrated probably a fuil 10,000 feet of stratigraphic
section, rather than passing, with depth, into the north limb of the anticline.

Attempts to explain the trend change and the termination of the Yakima and Umtanum Ridges to the
north have commonly been based on north-trending faults. One version passes through Gable Butte,
a second along the east end at Yakima and Umtanum Ridges. Evidence has to date been solely
topographic but permissive of faults, not demanding of them.

The Yakima Ridge, instead of sharply terminating against a north-south trending fauit, consists
of two anticlinal ridges that plunge eastward beneath the surficial cover. The structures can be
and have been traced by well drilliing at intervals and by seismic, gravity and magnetometric
methods. The data suggest that the structures are comparable to those of the Rattlesnake Hills
continuation from the Yakima River water gap to the Horse Heaven Hills--a sequence of doubly
terminated anticlines or elongate domes. Maximum relief {s about 300 feet above the regional
siope from the Rattlesnake Hills to the basin low.

The southernmost anticline reappears at the ground surface at the Prosser barricade, then as a
Tine of gently foided, nonfaulted buttes that extend to and beyond West Richland as the "Horn
Rapids Lineament." These buttes die out southeastward beneath the Kennewick Highlands. The
more northerly of the two anticlines evidently dies out beneath the Hanford Reservation although
it has been considered to cross the Columbia River as a continuous low, broad warp south of the
Fast Flux Test Facility Site. The conclusion that there s a southern continuation of tha low
anticline was based on a well which did not penetrate to basalt. A geophysical seismic line
contra-indicated the interpretation of the well log.

Umtanum Ridge, and its continuations in Gable Butte, Gable Mountain and several isolated outcrops,
represents a classic case of offset, en echelon anticlinal folds oblique to the main axis of
uplift. Gable Mountain consists of two anticlines, reversely asymmetrical so that opposite ends
of the mountain are bounded by steep faces on opposing sides. Early workers® inferred a strike
slip fault with offset of about two-thirds of a2 mile to account for the two axes., However, pro-
ponents of the concept did not explain the absence of the fault in the Rattlesnake Hills or White
Bluffs where it should appear if the offset were valid, Instead, a Tow angle thrust fault(s)
with Tess than 100 feet of offset occurs at the point of overlap of the two axes!l and dies out

in bedding plane shearing on both the north and south flanks of the mountain, The fault trace

is covered by undisturbed flood deposits dated at more than 40,000 years old by 1*C methods.

The Saddle Mountains are one of the most studied anticlinal ridges in central Washington. They
are significant because important faults bound the mountain to the north in its western reaches,
The last discernible surface movement on the Saddle Mountain fault predates loesses dated by %C
assays on organic matter to be 12,000 years old.!!}

I1.3-B-11



THIS PAGE INTEMTIONALLY
LEFT BLANK



arta

The beginning of anticiinal uplift, especially to the west and slightly prior to the emission of
the latest basalt flows, locked the Columbia River into the Pasco Basin and halted its east-west
migration. Somewhat later, uplift of the Horse Heaven Hills resulted in a continuously rising
base level for the river and continued deposition of sediment.® Today the Ringold Formation is
recognized only upstream of the Horse Heaven Hills, reflecting the control of deposition by

those Hills.

The Ringold Formation arbitrarily has been divided at the type Tocality into a Tower blue clays
member, a gravel or conglomerate member, and an upper sand-silt member. The division is unreal-
jstic for the Basin as a whole, however. Sands, silts, clays and gravels are interbedded and
interlayered throughout the basin in a manner indicating a nearly continuous stream flow and
continuous fluvial deposition. Even the lowermost Silts and clays actually occur as a sequence
of beds in different stratigraphic positions largely linked together to form a semicontinuous
blanket over the basalts in the basin center. Only locally do they suggest true lake deposits.
Moreover, they 1ap out (were never deposited) and in at least one case evidently were eroded
from a basalt high. Hence Tocal interconnection between the higher unconfined and the Tow con-
fined ground waters is present. The ancestral Columbia River, based on its gravel and silt-clay
distribution, generally has centered over the basin's low point. Its floodplains extended east-
ward and lapped upon the basaltic plains that rise to the east and northeast.

Uplift of the controlling Horse Heaven Hills continued at a pace permitting the deposition of
gravel in the main stream areas. Ultimately when the river level in the Pasco Basin reached an
altitude that is now 1000 feet above sea level, the Columbia River was able to maintain its
channet through the structural low at Wallula Gap as rapidly as the hills rose. A Towering of
base level ultimately began and is continuing today.

The age of the Ringold Formation {5 critical to assessing the timing of tectonic activity (anti-
clinal uplift and faulting) that in turn resulted in deposition of the formation. The maximum
age is that of the youngest lava flows (8 million years). The youngest inferred age is middle
to possibly late Pleistocene time!® or within the Tast about several hundred thousand years for
the uppermost beds. The latter age is invalid because of numerous lines of direct and indirect
evidence, including stratigraphic, structural, sequential geologic, and paleontologic data, The
official position of the U.S. Geological Survey now is that the formation is Pliocene and Pleis-
tocene in age.!! Probably the uppermost beds are about 1 million years old.

That tectonic deformation has continued to the current time is evidenced by warping in the
Ringold Formation Stratigraphic section, decreasingly so upward,-and low angle tilting of the
later Touchet Beds in key sites. 8,16 ’ . '

The resulting dips in the Ringold Formation beneath the plant site are low, & maximum of about
3°. The deformation has locally raised the silts and ¢lays of the Tower part of the Ringold
Formation to and above the groundwater table. Groundwater fiow accordingly is around these
groundwater barriers in paths that confirm the presence and effectiveness of the silt-clay

barriers.2?

Stabilized water levels of the Columbia River and the presence of bordering floedplains are
suggested by at Teast two thick beds of caliche (calcium carbonate}. One caps the crest of the
White Bluffs at an altitude of 900 to 1000 feet, the other lies beneath the west part of the
Hanford Reservation where it caps the eroded surface of the Ringold Formation at an altitude of
about 500 to 600 feet.

Adjacent to the anticlinal mountain ridges that surround the Pasco Basin, wells have disclosed
coarse fanglomerates that in part interfinger with classical Ringold Formation sediments and in
part overlie them.l® The fanglomerates also pass upward into current-day alluvial fans that
debouch from canyons penetrating the ridges. They attest to the fact that the Ringold Formation
sediments were deposited largely subsequent to anticlinal uplift and suggest that the Rattle-
snake Hills, in order to shed debris by early Ringold Formation time, must have risen earlier
than the Horse Heaven Hills, also suggested by other data,

I1.3-B.8 The Palouse Soils

An eolian silt (loess), in part altered to clay, and fine sand overliie part of the eroded sur-
face of the Ringold Formation and the caliche bed beneath the western part of the Hanford
Reservation.22 This silt is considered to be the equivalent of the Palouse soils (loesses) of
eastern Washington and westernmost Idaho, indicating a climate comparable to that of today, with
effective wind transport and deposition of sediment.

The most significant eclian sediments 1ie at depths of roughly 100 feet, or from 100 to
200 feet above the groundwater table. They have no effect upon the groundwaters in the zone
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of saturation but are important in controlling the downward and lateral movement of waste
waters and radionuclides above the groundwater table.

11.3-B.9 The Glacial Lake Missoula Fiood Deposits

The Palouse soils, the Ringold Formation, and locally even the basalts and, the interbedded
Ellensburg Formation sediments were locally eroded and truncated by a sequence of gigantic
floods. These emanated from the Clark Fork Valley near Missoula, Montana, and resulted from the
catastrophic release of ice-dammed glacial Lake Missoula. Smaller floods resulted from the
sudden drainage of smaller, similarly glacier-dammed streams.

The earliest floods recognized in the Pasco Basin occurred at Teast 50,000 years ago and may be
up to 100,000 years old. A 1%C age date on conifer bark from a less-than-oldest flood deposit
on Gable Mountain provided an age of more than 40,000 years.}! A subsequent flood of far
greater magnitude appears to correlate with one in easternmost Washington dated at 18,000 to
20,000 years.23 A still later Targe-scale flood is dated at about 12,000 years old on the basis
of the presence of the presumed Glacier Peak ash within the uppermost beds of the deposit.16

The floods scoured the then-existing land surface, the Palouse Formation, and caliche from part
of the sturface of the Ringold Formation, deeply gouging the Ringold Formation.?® A network of

buried river channels, closely resembiing the Channeled Scabland in form, now cross the central
to northeastern part of the Hanford Reservation.

Basalt close to or above the current ground surface was eroded too. Gable Butte, in the direct
path of the flood waters coming down the Columbia River, was stripped and the anticlines breached
and eroded. Gable Mountain, farther east, was less exposed and less eroded. However, its west
end pointed into the current was extensively eroded especially on the steeply-dipping south

1imb of the anticline. Eastward, progressively less erosion occurred until at the extreme east
end a giant bar was deposited which extended toward the Hanford townsite.

Beneath 200 East Area and immediately to the north an anticline subsidiary to Gable Butte was
subjected to erosion. The upwarped Ringold Formation silts and clays, the underlying sediments
of the Ellensburg Formation, and locally some of the latest basalt flows were stripped away. An
erosional window was created. Of significance is the fact that the erosional window provides a
site where exchange of water between the confined and unconfined aquifers (separated by the
Ringold Formation silt and clay beds) can occur.

The depth of erosion was sufficient that the groundwater table today throughout much of the
Reservation 1ies within those channels. Elsewhere it commonly lies just below the Ringold
Formation surface. Consequently the routes of fastest movement of groundwater and any con-
taminants will be in those glacial flood channels, which are filled with permeable gravels.2l

At least two floods momentarily rose to considerable heights in the Pasco Basin when the inflow
to the Basin considerably exceeded the drainage ability of Wallula Gap. The maximum height
reached was about 1200 feet above sea level (roughly 800 feet above the lowest land surface at
Hanford), evidently by the earlier of the two major floods. The Tatter flood, possibly compara-
ble in magnitude to the first, evidently rose oniy to about 900 feet attitude. This may have
been because Wallula Gap was reamed out by the earlier flood so that it more readily ‘transmitied
the floodwaters. Alternatively, the latter flood may have been less catastrophic, with the
flood waters more spread out in time and with a lower flood crest.

The deposits of those two floods are locally distinguishable by character. Each tends to be
graded, with boulder and cobble gravels in many sites forming the base of each deposit. Higher
sediments in each sequence reflect the flood impoundment, with consequently finer materials
deposited where currents lessened. The deposits of the earlier flood commonly include larger
blocks of rock, are Tess well sorted, and exhibit more chaotic flood bedding.

Both floods lasted a few weeks, during which time an estimated 500 cubic miles of water passed
downstream.2* Maximum flow rates reached 9.5 to possibly 14 cubic miles per hour.25 Ice-rafted
erratics and thin silt deposits occur up to 1200 feet above sea level, but a 700 te 800 foot
altitude appears to have been the maximum for basin-fil1l deposits. In turn this suggests that
the flood crest above that altitude and to the 900 and 1200 foot altitudes was of short duration.

In addition to the vertical grading to finer sediments, a lateral grading also occurs. Boulder
gravels 11e within the flood deposits along the Columbia where it exits from the gorge upstream
From the Hanford Reservation, decreasing in amount downstream. Southwestward, progressively
farther from the main stream flood, the sediments are prevailingly finer grained (grading to
cobble, pebble and granule gravels, then to very coarse to fine sands), referred to as the Pasco
Gravels. Adjacent to the flanking hills, beneath Dry and Cold Creek Valleys, and up the Yakima,
Walla Walla and locally the Snake rivers, the sediments are silts and fine sands known as the
Touchet Beds. These beds also occur as thin blankets up to the maximum altitudes of the floods.
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The Touchet Bads show evidence of quiet and shallow-water deposition with abundant rhythmic and
ripple-marked bedding. Clastic dikes are characteristic within the Touchet Beds, locally within
the Pasco Gravels, and less commonly in the Ringold Formation, the basalt flows and Ellensburg

Formation beds, Their origin is controversial; they are related in time and probably in origin

to the floods.26,27

The floods had additional impact.
sTides must have been induced in the basalts and the Rin
lake Tevels (Table I1.3-B-2).

Many scarps were formed by the flood waters, and many land-
gold Formation by the rapidly changing

Persons unfamiliar with the total effect and height of the floods
have concluded that some of those features reflect fault movement and earthguake activity,
respectively. Subsequent weathering in central Washington's dry environment in the Tast 12,000
years has had minimal impact so that the flood-formed scarps and landsTides appear to indicate
a greater magnitude and frequency of historically recent tectonic activity than is warranted.

TABLE II.3~B-2
TIME AND GEOLOGIC EVENTS, PLIOCENE TO HOLOCENE EPOCHS, PASCO BASIN

AGE
EPOCH YRS BP GEOLOGIC URITS GEOLOGIC AND RELATED EVENTS CLIMATIC TRENDS
MODERN  LANDSLIBES IRRIGATLON-INDUCED LANDSLIBING COOLER, MOISTER
ASH DEPOSITS ERLPTION OF MI. 51, HELENS
4000
PALOUSE SOILS AND DUNES  DEFLATION OF COLD CREEK VALLEY, DUNE
CREATION. MINIMAL MASS WASTING
COLUMBIA RIVER AT LOW FLOW RATE
ALTITHERMAL
§ 6,600  MAZAMA ASH BED ERUPTION OF MT, MAZAMA 10D
g 8,000
EOLIAN SEDIMENTS
EXTINCTION 0F MANY LARGE MAMMALS
EARLY BRAN KNOWN it BASIN
10,020
TOUCHET BEDS FLOODS TO AT LEAST 85 FEET ALTJEUDE
LANDSLIDES EXTENS IVE LANDSLIDING
GEACMER PEAK ASH BED  ERUPTION OF GLACIER PEAK PLUVIAL CLIMATE
EARLY MAN KNOWN AT MARMES ROCKSHELTER  BECOMING WARMER
12,000 AND DRIER
FLOOD DEPOSITS CONTINUED ANTICLINAL UPLIFT AND
BASINING FLOODS,
DOMINANTLY GRAZING ANIMALS [N REGION
18- TOUCHET BEDS AND CATASTROPHIC FLOODS FROM GLACIAL
20000 PASCO GRAVELS LAKE MISSOULA, POSSIBLY TO 1250
g FEET ALT ITUBE,
=3 EXTENS|VE EROSION, LANDSLIDING,
5 SEDIMENT DEPOS ITION
E FLOOD DEPDSITS FLOODS FROM GLACIAL LAKE MISSOULA
AND LAKES T THE WEST ONSET OF THE ICE AGE
WITH CO, CLIMATE
5,000  EARLY FLOOD DEPOSITS GLACIAL LAKE MISSOULA FLOODS AND AT LEAST LOCALLY
iNCREASED MOISTURE.
FANGLOMERATES PLANING OF THE RENGOLD FORMATION REVERSALS I INTER-
GLACIAL PERIODS
12
—_ MAUBN L o e e e e
EARLY PALOUSE 501LS CONTINUED ANTICLINAL UPLIFT
AND BASINING
g RINGOLD FORMATION AND  DOMINANTLY BROWSING ANIMALS IN THE
g ASSOCIATED REGION
= FANGLOMERATES
. -
MILLION  THE YOUNGEST BASALT TERMINATION OF THE BASALT FLOODS DRYING AND COOLING

FLOWS {POMONA, ELEPHANT
MOUNTAIS AND WARD GAP}

BEGINNING OF ANT ICLINAL UPLIET AXD
INCREASING VOLCANIC ACTIVITY N THE
CASCADE RANGE
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II.3-B.10 Volcanic Ash Deposits

Thiree and possibly four vitric tuff (volcanic ash) beds are known in the Pasco Basin where they
ocecur in I?Ee Pleistocene and Holocene deposits and have at least tentatively been identified as
to source.

The oldest ash, a bifurcated bed with Tayers about a half-inch thick,!® is associated with the
last glacial Lake Missoula flood deposit. Traditionally considered to have been erupted from
Glacier Peak in the north Cascades about 12,000 years ago, the lower bed of the two, as evidence
now suggests, may have been from an eruption of Mt. St. Helens, nearly simultaneously with that
of Glacier Peak. The ash beds are significant in that they 1ie within the uppermost part of the
flood deposits to an attitude of 850 to 900 feet and above that in eolian sediments. The beds
thus identify the deposits and height of the latest flood.

The most certainly jdentified ash bed in the Pasco Basin is that emanating from Mt. Mazama
{Crater Lake, Oregon) about 6600 years ago. Normally about 6 inches thick, it 1ies within
stream-deposited sands below an altitude of about 450 feet, and within eolian sediments above
that altitude. It marks the course of the {olumbia River 6000 to 7000 years ago.28

Mt. Mazama erupted in the midst of the Altithermal interval which was characterized by a warm,
dry climate and low flow of the Columbia River., The ash bed identified geologic formations
created in that period, including sand dunes.

The youngest ash bed currently is known only at Rattlesnake Springs. It is believed to correlate
with an eruption of Mount St. Helens about 3200 years B.P. (Before Present).
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II1.3-C SEISMOLOGY [X.25]
II.3-C.T General

Eastern Washington is in a region of low to moderate seismicity that Ties between the western
Washington and western Montana zones of considerably greater seismicity.!s2 On the basis of the
damage that has occurred since 1840, the U.S. Coast and Geodetic Survey (ESSA) designated east-
ern Washington as Zone 2 seismic probability, implying the potential for moderate damage from
earthquakes. Periodic revisions since 1948, the date of the first issuance of the risk map, and
up to 1969, resulted in ne changes inm the potential for eastern Washington although other parts
of the country were upgraded in the damage potential {Table II.3-C-1). Currently western Wash-
ington and western Montana are in Zone 3 category, implying the risk of considerable damage.

The categories are incorporated in the Uniform Building Code.

TABLE IT.3-C-1
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The seismic risk maps are based upon the worst damage that has been experienced, mostly on
poorly consolidated and saturated sediments that are the most responsive to earthquakes. Hence
a pessimistic damage potential is indicated for sites utilizing less earthquake-responsive
ground. In compensation, the maps consider only about 100 years of historical record, during
which 2 low density of population may have resulted in no record of some minor quakes and cer-
tainly no damage. The true earthquake potential then may be somewhat higher than suggested by
the Seismic Risk Map (Figure I1I.3-C-T). The upgrading in potential seismic damage in part may
reflect increased population density and increased use of seismically responsive ground, and in
some sites an actual increase with time in earthquake freguency and magnitude, Other methods
of assessment clearly are required.

1 ZONED
=] ZONE 1
ZONE 2

B ZONE 3 FIGURE I1.3-C~1 SEISMIC RISK MAP

Movement on surface faults often is associated with earthquakes. However, many earthquakes
occur without surface faulting and some faults move (creep) without significant earthquake
activity, The presence of major faults or sharp folds subject to faulting are validly con-
sidered as evidence of possible past earthquake activity, possible future activity and possible
epicenters.

The Pasco Basin is a broad, shallow topographic and structural depression evidently formed by
long-term subsidence during which the vast volume of basaltic lava flows were emitted, probably
from about 60 million years to 8 million years ago. Presumably the subsidence was slow and
essentially continuous at an average rate of about 1 foot per 5000 years.3® Various lines of
evidence suggest appreciable variations from that rate, as can be expected.

late in the stage of basait flow emission, about 15 million years ago, anticlinal uplift began.
The anticlines superficially resemble the fault-block structures of the seismically more active
Basin and Range country of Southeastern Oregon, eastern California, Nevada and western Utah.

Indeed at one time (eariy in the 1900's), the anticlines in eastern Washington were considered
equivalent to the more southerly fault block structures and large faults were assumed present."

A seismic comparability thus seemed warranted and was applied by some parties. However, the
Zone 3 designation for the Basin and Range region and the Zone 2 designation for eastern Wash-
ington, on the basis of more than 100 years of record, imply significantly different environ-
ments. This, together with geologic information earlier discussed, is more realistic than
assuming that the magnitude of earthquakes in eastern Washington will be equal to those in the
Basin and Range country but with lower frequency. Separate and distinct appraisals of the
potential are needed.
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Both regions, as in fact all the western United States, developed largely in response to
global-wide forces associated with plate tectonics {continental drift?. This specifically
involves the relative motion of the Pacific and North American plates, the precise effects of
which are still largely obscure though undeniably present.

* Progressively northward from San Francisco, the oceanic structures reflect the increasing domi-

nance of the generally east-west trending transform faults associated with sea-floor spreading
and global tectonics. The change is similar to the change in trend from the north-south fea-
tures of California and Nevada through the transition zone of the Blue Mountains and the Snake
River Plains to the east-west and northwest-southeast-trending striuctures of eastern Washington.

The Basin and Range Province formed from uplift in Mesozoic and Cenozoic time of the Cordilleran
geosynclinal deposits during the Nevadan and Laramide Revolutions. FEast-west tensional forces
in late Cenozoic time (the Cascadian-Alpine Revolution) caused a breakup of the early Rocky
Mountain arch and the development of normal, high-angle faults. Accompanying this was the rota-
tion of fault blocks about horizontal axes parallel to the faults. Strike-slip faults also were
prominent. Igneous activity then occurred,$

The Columbia Basin formed by subsidence in Cenozoic time, accompanying and probably directly
related to the emission of flood basalts from beneath the region. In late Cenozoic time (within
the last 15 million years), the anticlinal ridges began to rise. Evidence suggests a north to
south progression of uplift, a greater rate to the north, or both.

If the eastern Washington structures are analogous to the Basin and Range structures, they
should show comparable effects of compression and tension. The Washington anticiines tend to

be asymmetrical with the steep face to the north, containing some thrust faults commonly dipping
south. This implies north-south compression. The abundance of high-angle reverse faults and
reversal of asymmetry, however, suggest a strong component of vertical uplift. The Horse

Heaven Hills, a tilted and uplifted plateau, is one classic example,

Faulting was, and still is, the dominant means of stratigraphic offset in the Basin and Range
country throughout its development. The faulting in eastern Washington appears to be an early
response, followed by folding, once the belts of deformation were established. Possibly com-
pression in part is related to subsidence of the Basin, in which the uppermost flows in a
probably 12,000 feet sequence would be under compression and the lowermost flows in that section

would be under tension.

Subsequently, the major deformation was uplift and foiding with 1ittle evidence of major com-
pressional or tensional forces and 1ittle evidence of recent fault offset. This contrasts with
the Basin and Range Province. The major episode of faulting tends to be in early Ringold Forma-
tion time (the Pliocene epoch).®

Deformation certainiy can be continuing since energy release occurs as stress accumulates. Com-
monly, as noted by many workers, the stress is released by minor siippage on the many joints in
the basalts and on often clay-rich interbeds between basalt flows. Distinct faults commonly

are limited in lateral extent, possibly in depth, and in offset because they pass into bedding
plane shear zones and splay out into joints.

A wide distribution of centers of minor energy release {epicenters) can be expected. This is
the situation to date, rather than that the recorded micro-earthquakes cluster along linear
zones coincident with the anticlinal ridges and the mapped and hypothesized fauits.

Sparse earthquake data and a yet-inadequate understanding of the geologic features of the region
preclude a finite tectonic model of eastern Washington. Various moedels can be applied to infer
a comparability of seismicity. However, as with the Basin and Range analogy, differences in the
geology are likely to be gross and evident enough that the validity of the comparison suffers.

A model has been proposed? that appears to explain the orientation of the gross tectonic fea-
tures of the North American Cordillera (the main mountain region of the continent). Although
simplistic and idealized, it offers a potential for a better understanding of the tectonic fea-
tures one to another. Once the nature of the features is better understood through regional
studies, their relationships to each other can better be assessed through the Wise or updated
and modified models for a more meaningful seismicity determination.

I1.3-C.2 The OTlympic-Waliowa Lineament

An Olympic-Wallowa (topegraphic) lineament® has been cited as a possible major crustal rupture.
Faults definitely are present at several locations along its strike, and the feature must repre-
sent, at least in some segments, an underlying or basement rock feature.
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However, the Olympic-Wallowa lineament is not a sharply defined or continuous structure. As
part of a broad zone not generally recognized, it appears related to a statewide grain or pat-
tern. Along the west edge of the Hanford Reservation, the anticlines and synciines change their
trends from east and west to northwest-southeast. The change occurs along a generaily north-
south Tine marking an increase in the eastward rate of plunge of the structures. The trend
change occurs in the Horse Heaven Hills, the Rattlesnake Hills, the subsurface continuation of
the Yakima Ridge anticiines, and in the Gable Butte and Gable Mountain structures, particularly
in their subsurface extensions.

Possibly, in the process of maximum subsidence of the Pasco Basin between the Hog Ranch and
Jackass Mountain monoclinal flexures, the effact of pre-existing structures was felt. Through-
out the Cascade Range drainage patterns reflect a northwest-southeast trend that is identified
as the remnants of an Oligocene-age Calkins Range, Evidence of that range also is present in
the Willapa Hills of southwestern Washington, the Olympic Peninsula, and the San Juan Islands.

The origin of the Calkins Range and/or the northwest-southeast trending segments of eastern
Washington's anticlines is certainly obscure and can only be postulated, Evidence indicates a
clear-cut superposition of several periods of deformation and consequent structures one upon
another which compounds .the problems of an evaluation of the sefsmic hazard.

Geologic evidence suggests that the Horse Heaven Hills may be a more important geologic and
tectonic feature, hence potentially a more significant earthquake-generator, than the 0lympic-
Wallowa topographic lineament and its hypothesized structure of uncertain significance. The
Horse Heaven Hills:

* are structured continuously from the Blue Mountains to the Cascade Range and with
appreciable relief throughout its course, (The Olympic-Wailowa Lineament is dis-
continuous, interrupted by other structures, and locally of no relief.}

s are structured with continuousiy large tota] stratigraphic offset and inferred
local dip-slip fault offset of 300 feet. Fault offset on the ]ineament is more
than about 200 feet.®

* have several sites of tentatively recent fault offset. One is six to seven miles
west of Milton-Freewater; one is near Warm Springs six to eight miles east of the
Columbia River. A third site is about four miles west of Prosser where clastic dikes,
filled with Touchet Beds sediments, have cut and offset Ellensburg Formaticn Beds about
20 feet, The age of the fauit offset is probably 12,000 years. The offset in the first
two instances could be on either the lineament or the Horse Heaven Hills structures.

¢ are the locale of the Milton-Freewater earthquake of 1936 and the Umatilla quake of 1893,
Seven other earthquakes were noted and recorded by the Blue Mountain Observatory, and
epicenters were identified in the northern reaches of the Blue Mountains or in the
Horse Heaven Hi11s.* The Blue Mountain structures cross the lineament and have not
been affected by it;® the Horse Heaven Hills show evidence of recent uplift, away from
the Vineament. Hence both ranges show evidence of tectonic activity more recent than
structures on the Olympic-Wallowa Lineament.

Shortened, more reaiistic versions of the Olympic-Wallowa zone were proposed along which fault-
ing was demonstrated and which conceivably could be the epicenters of earthquakes.l The
Rattlesnake-Wallula topographic lineament is one example.® Faulting locally terminates at the
Yakima River water gap (the southeast end of the Rattlesnake Hills) without clear-cut evidence
of its continuation farther northwestward. On the assumption that a significant fault or struc-
ture capable of faulting exists there and can generate earthquakes, the site is considered to be
the possible epicenter for the maximum credible earthquake in the Pasco Basin.

Thus the Rattlesnake-Waliula 1ineament can be explained as an offshoot structure of the Horse
Heaven Hills rather than as the major or dominant feature. The potential of an earthgquake at
this site is appreciably remote.

I1.3-C.3 The Saddle Mountains

The second 1ikeliest epicentral location for earthquakes is the Saddle Mountains, bordering the
Pasco Basin on the north, more remote from most Hanford facilities than the Rattiesnake-Wallula
Iineament, except for the northernmost part of the Reservation. This is especially true if the
Rattlesnake Hills, the projection of that lineament, are considered capable of surface faulting.
Henice the Saddie Mountains are of lesser concern to the whole of the Reservation.
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The mapped and hypothesized faults along the north face of the Saddle Mountains die out east-
ward with the diminution of the Saddle Mountains and have not been hypothesized east of about
Corfu. The faults have been traced west of the Columbia River about 15 miles.1?

Studies in 1965! emphasized the significance of the Saddle Mountains faults and considered that
the Corfu quake of 1918 occurred along that fault, caused numerous landslides and that a fault
scarp had formed in recent times., However, the U.S. Geological Survey demonstrated that the
site reputed to show offset was an area of block glide, resulting probably from the effect of
the glacial Lake Missoula floods 12,000 or more years ago.® Moreover, the larger landslides in
most instances appear to have been caused by the same floods,!0 not the Corfu gquake, and recent
surveys have suggested that such slides resulting from that quake were minimal. The Survey's
conclusion was that no movement on the fault has occurred in at least 12,000 years. This was
determined by *C dating of organic matter in eolian silts that lay undisturbed across the
fault trace. '

Much of the concern for the Saddle Mountains faults relates to the Corfu earthquake of Novem-
ber 1, 1918, Based on the iocation of the sole reporter of the guake,.it occurred at or even’
east of the east end of the surface trace of the faults. The epicentral location is uncertain
because only one person initially reported it and the quake was uninstrumented. Subsequently
the quake was, for uncertain reasons, translocated to the northernmost part of the Hanford
Reservation. Because earthquakes commonly occur along faults, a major eastwest Tault was
hypothesized through the translocated epicenter in the Wahluke Syncline. As indicated earlier,
all major faults in the regfon appear associated with anticlinal folds and have their greatest
offset in the areas of maximum total relief. Hence, the epicenter in a major syncline appears
unrealistic. Because of the uncertain location, similar to the uncertain extent of faulting
along the Rattlesnake-Wallula Tineament, the epicenter was conservatively assumed to have been
beneath the Hanford Reservation.

Recent studies!2 confirmed the presence of faults in the Saddle Mountains, offset comparable to
that determined by the Geological Survey, and an absence of evidence indicating recent movement.

II.3»6.4 Other Structures

Study of the Mandstash Ridge--Hanson Creek anticline, between the Saddle Mountains and Umtanum
Ridge and west of the Pasco Basin--disclosed a typical situation there.l2 The anticline is
asymmetrical with the steep dip to the north, the anticlinal axis is sinuous, and one or more
high angle reverse faults border the north side of the anticline, They emphasize the spatial
relationship between the close folding and faulting. Stratigraphic offset on the faults is
estimated at 500 feet in the east end of the structure and about 800 feet on the west end of the
structure.

The anticline can be projected to the east side of the Columbia River where evidence tentatively
indicates the fault is also present. The sinuosity of the anticlinal axis and the fault make
projection farther east difficult, The structure evidently dies out eastward, similar to the
structures to the north and south, and cannot be recognized within 20 miles of the WPPSS steam
generating plant. This emphasizes the probable absence of a significant fault in the Wahluke
Syncline along which the translocated Corfu quake could have originated.

Additional work in Umtanum Ridge confirmed previous conclusions. The Ridge is an asymmetrical
anticline with the steep face to the north; Tocally the north limb is overturned. The anti-
clinal axis is sipuous. A high-angle reverse fault borders the north face. Erosion by the
glacial Lake Missoula floods removed much of the north Timb of the structure so that the fault
is generally exposed and traceable cnly for a short distance to the east from the Priest Rapids
Dam site. The fault can be projected to within about 12 miles of the WPPSS steam generating
plant where it avidently dies out and is superseded by the sequence of generally northwest-
southeast-trending en echelon anticlines and synclines of the Gable Butte-Gable Mountain complex.
A north-south tending thrust fault(s} is present in Gable Mountain but has not moved in more
than 40,000 years.® Normal or high-angie reverse faults may trend west-northwest along the
north face of GabTe Mountain and GabTe Butte and the dissected anticline two miles west of 100-B
Area. If so, they must be less than a few miles long because of the position and trend of the
anticlines relative to the total uplift. .

Stratigraphic offset on the Umtanum Fault is uncertain but is estimated at 500 to 1300 feet,
with the south side upraised. The fault is a high-angle reverse fauTt. Since the Pasco Gravels
which overlie the fault show no signs of offset, the last movement, as in the Saddle Mountains,
was probably at least 12,000 years ago and may be more than 40,000 years ago, as dated at Gable
Mountain, the eastward continuation of Umtanum Ridge. The main period of movement on the fault
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probably was during Ringold Formation time and the initial uplift of the anticlinal ridges. If
the Umtanum Ridge structure was the first in the Basin to rise, the age of the initial period
of faulting could exceed 10 million years,

The faults in the northern part of the Pasco Basin are considered inactive on the basis of lack
of topographic expression, lack of evidence of movement within the last 35,000 years or multiple
movement in the last 500,000 years, and no relationship to a known active fault. Other than the
Corfu quake, which is of uncertain epicentral location, magnitude and intensity, no macro earth-
quakes associated with known faults have occurred.

The faults bordering the Horse Heaven Hills, including those that 1ie along the various versions
of the Qlympic-Wallowa Lineament, apparently are the sites for potentially active surface faults

in the Pasco Basin., Logically then, they are the sites for the maximum credibie earthquake in
the Pasco Basin.

I1.3-C.5 The Effects of Earthquakes

The most significant single consideration in earthquake engineering is the nature of the founda-
tion materials, as alluded to in the discussion on the seismic risk map. This is important from
the standpoint of 1) rupture of the ground beneath a facility by propagation of fault movement,
2) vibration of the ground, and 3} differential compaction, 1iquefaction and landsliding.

Ground rupture occurs directly above a fault when movement along that fault propagates to the
ground surfaca, in some instances at short distances from the fault plane. These risks can be
prevented by avoiding faults by appropriate distances. Because all significant and especially
active faults are associated at least spatially with the anticlinal ridges, avoidance of the
anticlines is desirable and usually sufficient protection. )

Ground vibration is.the dominant concern in earthquake engineering because facilities many tens
of miles from the epicenter may be damaged or destroyed and because to precisely determine the
expected ground motion js difficult. Local geological factors can spread the range of observed
intensities over at Jeast four grades, each grade representing ground motions that have double
the amplitudes found in-the next lowest grade.!® This means an eightfold range in amplitudes
over a four-grade range of MM intensity. Local confirmation of this is suggested by several

events as noted. Other factors are not yet adequately understood and may contribute to the
differences:

* Prosser has one of the higher seismic foundation factors in the area, as indicated by the
Milton-Freewater earthquake of 1936,12 the Qlympia earthquake of 1949, and the Horse
Heaven Hills quake of July 26, 1965. In those instances, Prosser responded more than
Hanford or other adjoining areas.

s Records of reactor area and building response have shown different responses of the same
area and buildings to roughly comparable quakes, and different responses of different
areas and buildings within those areas to the same quake.

The precise response of the ground to the full spectruim of waves is a complex function that can
best be understood only by the repeated observation of events. In some instances, especially
with the short period waves, alluvium may damp out the ground motion. Thus, a prevailing
peried of vibration of 0.2 sec for short period waves in Hanford sediments poses littie problem.
However, longer pericd waves may be amplified, especially if the wave period coincides with as
yet inadequately identified natural iong periods of vibration of the geologic formations. The
possibility of selective frequency effects thus requires that the dynamic properties of.the
structures be considered when assessing the effect of local geology,l®

I1.3-C.5.1 Differential Compaction

Differential compaction is common in unconsolidated alluvium and was a major cause of damage
during the Prince William Sound (Anchorage) earthquake of 1964. The sediments at Hanford have
a high degree of natural compaction. The Ringoid Formation sediments at one time filled the
Basin to an aititude of about 1000 feet (the crest of the White Bluffs), but have been eroded
in part from the Hanford Reservation. They have been irregularly covered subsequently by later
sediments, the Pasco Gravels. Hence, at one time 200 to 600 feet more sediments existed as a
static Toad than now are present over the topmost Ringold Formation beds, a factor in their
compaction. The beds, too, are low in permeability, owing to their age, the resulting cementa-
tion and opportunity for compaction subsequent to deposition. Those factors and the relatively
high seismic (P} wave velocity of about 6000 to 12,000 ft/sec confirm the compaction.

11.3-C-6
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The Pasco Gravels and their fine-grained equivalent, the Touchet Beds, were laid down by the
glacial Lake Missoula floods. The gravels that underlie all but the basin margins commonly are
open-work or semiopen-work gravels with high permeabilities. Seismic {P) wave velocities are
consistently low, about 2000 ft/sec. However, their load-bearing capacity without undue settle-
ment is high, generally in excess of 6000 1b/ft2 even for materials directly at the ground sur-
face. Commonly 10,000 to 12,000 1b/ft2 are measured.l2 That high load-bearing capacity of the
flood deposits is attributed to the point-to-point contact between cobbles and pebbles and the
subsequent interstitial filling by finer-grained sediments as the floodwater velocities
slackened. Thus loads are supported on columns of cobbles and pebbles.

The Ringold Formation generally is saturated and the Pasco Gravels commonly are dry except
locally where they are normally saturated for only a few tens of feet of depth at the base
of the gravel. Consequently the opportunity for reworking and compaction is minimal. Even
where large quantities of water pass to ground and where vibrational and differential load-
ing occur on undisturbed ground, settiement has been negligible. Differential compaction on
und{sturbed-grouna 15 of minimal concern.

I1.3-C.5.2. Ligquefaction

Due to the prevailing dry environment and as long as the potentially Tiquefiable sediments
remain confined, the 1ikelihood of liquefaction of Hanford sediments is very remote.

The sediments lying at and near the ground surface (the Pasco Gravels and uppermost Ringold
Formation beds) to depths of 110 feet have been compared to the range of gradation of liquefi-
able s0ils.12 If saturated and if a face were free toward which they could move, a few samples
found were sufficiently fine grained and clean to be potentially liguefiable. Most materials
had a high relative density (were compact), a coarse grain size and good size gradations. The
silts and clays that lie below the groundwater table were of high plasticity but "are also
insensitive and exhibit high shear strength in excess of 3 to 5 tons per square foot."l2 This
is, in part, the result of deposition in a calcium-rich environment, some resulting cementation,
compaction under high load, and maintenance of the calcium-rich envirorment for millions of
years. The deposited clays were not changed to forms liable te liguefaction in a chemically
changed environment.

Some sands n the Ringold Formation are clean, uncemented and well sorted. Upon penetration by
wells {a face toward which to flow), the sand rises in the wells. This is not liquefaction in
the sense of rearrangement of particles to occupy a lesser volume; it is controiled by appro~
priate confinement of the sand.

I1.3-C.5.3 Landslides

Many landslides are present in the region and have been attributed to earthquake activity, as
earlier noted. However, they are but permissive evidence of earthquakes and more commonly
result from excess water in the ground. A classic case is that of the slides along the ncrth
face of the Saddle Mountains, attributed by some persons to earthquakes, especially the Corfu
quake, In view of the findings in recent years, the indications are that most of the features
are related to the glacial Lake Missoula flood of about 12,000 years ago, not historically
recent quakes. Water primarily decreases the shear strength of the clay-rich beds, which
together with the pore pressure gradient at the drainming face and the weight of the water often
permit minor earthquakes to trigger the slides. In the case of floods, the erosive action on
the toes of slopes also contributes.

Exjsting natural slopes on the Reservation have been determined to be stable; only those slopes
on the enclosing anticlinal ridges, Gable Mountain, Wahluke Slope and the White Bluffs are steep
enough for concern. Of these, the White Bluffs pose the greatest concern because of 1) the clay-
rich nature of some beds abgve river level and within the Ringold Formation, 2) discharge of
large quantities of irrigation water to ground atop the biuffs, 3) gentle dips of the Ringold
beds toward the Columbia River, and 4) the eastward shifting of the Columbia River and its
undercutting of the bluffs, Slides of a million or more cubic yards have occurred within the
last about 12,000 years; consequently, more are expected. Not Tikely to be impounded, the river
would more likely be diverted to a more westward channel In the slides areas.

I1,3-C.6 Maximum Anticipated Earthquake

The Corfu earthquake (Modified Mercalli intensity IV to V) probably caused the maximum histori-
cal ground motion on the Hanford Reservation. The Milton-Freewater earthquake of 1936 and the
Umatilla earthquake of 1893 were of higher intensity at their epicenters but sufficiently remote
to result in Tess ground motion at Hanford. If the Corfu earthquake 1s assumed to be a full
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MM-Y and with its epicenter on the Hanford Reservation,! rather than on the Saddie Mountains,
the ground acceleration would have been three percent of gravity (3% g). "This is roughly equiva«
lent to a Richter magnitude 5 earthquake (Table II.3-C-1).

Faults or structures capable of surface faulting are assumed present along the Olympic-Wallowa
lineament and its shorter, more realistic versions. An earthquake comparable to the Milton-
Freewater quake couid occur at the northwest end of the zone of identified faulting, at the
southeast end of the Rattlesnake Hills. However, the Rattlesnazke-Wallula zone of faulting ends
at the Yakima River so that neither surface-faulting nor recent offset is present. Migration
of activity and offset along a fault can and does occur. The fact that it has not yet occurred
in spite of the more than 10 miliion years of tectonic deformation suggests an extremely Tow
probability that it would ever occur.

However, if such an improbabie MM-VII quake were to occur along that zone at its nearest
approach to Hanford, the acceleration at the epicenter would be about 15% g. This §s fully con-
sistent with zone requirements of the Seismic Probabiiity Map, for a building on firm alluvium
and not near a great fault, as follows:

Zone 3 3% g Zone 1 8% g

Zone 2 16% g Zone 0 4% g
At a distance of 15 miles from the epicenter, the average distance to Hanford sites fram the
postulated epicenter, the acceleration would be reduced to 6%'7 to 13% g,12 with a probable cor-
responding increase in the duration of the quake.l3

A summary of the conclusions of various authorities in seismology as to the maximum anticjpated
earthguake is as follows:

Frank Neumannl3 MM-VII in total basin N. H. Rasmussen? Magnitude 5.8
Capt. R. A. Earlel! MM-IV maximum histori- R. H. Jahnsi® Magnitude 5.5
(USCAGS} , cally recorded in the
Pasco Basin G. W. Housner Magnitude 5.5
Holmes & Narverl5 MM-VIII (25% g) maximum, John A. Blume Magnitude 6.8, MM-VIII
credible earthquake Assoc.17? maximum credible earth-

quake (conservative)

A1l authorities have concurred in the 25% g acceleration Tevel for the Safe Shutdown Earthquake
(formerly the Design Basis Earthquake). This is consistent with the vibratory acceleration
associated with an intensity MM-VIII quake, larger than any known east of the Cascades in Oregon
or Washington. An MM-VIII quake js consistent with the full-fledged Zone 3 of the Seismic
Probability Map, not the Zone 2 recognized since 1949 by that map.

In March 1969, the U.S. Geological Survey established an array of six high sensitivity seis-
mometers on and around the Hanford Reservation. The purpose was to attempt to determine the
macroseismic characteristics of the region through recording of the microearthquakes. By Octo-
ber 1971, 24 stations were operating. Of the more than 1000 microearthquakes recorded very few
have occurred south of the Hanford Reservation, especially along the Olympic-Wallowa 1ineament
or its abbreviated versions. This is "moderate by comparison with the microearthquake activity
of seisg1cglly active regions of California and Nevada where similar monitoring studies have
been made.

By far, the bulk of the microearthquakes have occurred in the eastern to northern part of the
Pasco Basin, from Wooded Island to the east end of the Wahluke Slope. Few quakes in that group
are sufficiently close to mapped or postulated faults or sharp folds to be directly related tc
them. Some events further east appear related to blasting by contractors {to the Corps of
Engineers) on railroad relocations for Snake River dams. Some others may have resulted from
construction work (by Burlington-Northern, Inc.) on roadbeds across Wahluke Slope. Others may
have occurred because of near-surface crustal loading by frrigation water. If the Pasco Basin
is slowly deforming, then the addition of several hundred feet of water, as indicated by rising
water tables,1® could impose stresses above and beyond those naturally imposed. The abundance
of microearthquakes in and near the Columbia Basin Irrigation Project suggests such a cause.

Large numbers of microearthquakes have occurred near the north-south trending Jackass Mountain
monoclinal flexure where the basalt flows turn downward toward the Pasco Basin center. Folding
could result in the release of many small amounts of energy along joints and bedding planes in
an essentially random pattern.
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Only one earthquake of the more than 1000 recorded has exceeded the Richter magnitude 4 quake
necessary for good analysis. That quake occurred December 19, 1973, The epicenter lay twe to
three miles north of Corfu and the magnitude was between 4 and 4.25. The quake occurred north
andleast of the surface trace of the Saddle Mountains fault and not near any other postulated
fauit.

The second Yargest quake recorded by the U.S. Geological Survey was a magnitude 3.2 quake that
occurred on October 25, 1971. Its epicenter was beneath the central part of Wahluke Slope,
close to the north bank of the Columbia River, and within the Wahluke synciine. Its focal depth
was 3 km. A fault plane solution indicates thrust faulting resuTting from north-scuth compres-
sion, probably the result of regional deformation.

1I1.3-C.7 Summary and Conclusions

Eastern Washington 1ies in a region characterized by few earthquakes of damaging or potentially
damaging intensity. No clear-cut relationships of epicenters to specific surface faults or
structures capable of faulting are yet recognized. The suggested Jow rate of tectonic deforma-
tion for probably more than 10 million years does not indicate cause for concern. Much of the
stress resulting from the continuing low rate of tectonic deformation appears to be dissipated
from random epicenters along joints and bedding planes.

On the assumption that a very low probability MM-VII quake {magnitude 5.5) were to occur at the
northwest end of the Rattiesnake-Wallula fault zone, ground acceleration of 13% g could be
expected beneath most of the Reservation. A design basis of 25% g on the Hanford Reservation
allows for an MM-VIII intensity quake (magnitude up to 6.8) for an earthquake epicentered at the
same site. No such quake has ever been recorded in eastern Oregon or Washington.

The siting of nuclear facilities over the synclinal troughs provides the maximum distance from
all hypothesizéd faults capable of earthquake generation. If, in addition, the Ringold Forma-
tion and Pasco Gravels are compact and undisturbed, the site will certainly pose few problems.

An appreciabie-to-high degree of conservatism exists by acceptance of the MM-VIII, magnitude
6.8 quake, and the resulting 25% g acceleration for the Design Basis Earthquake.
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I1.3-D HYDROLOGY [X.18, X.24, X.25]
I1.3-D.1 Regional Hydrology

I1.3-D.1.1 -Topography and Drainage

As Figure 11.3-D-1 (a map of the Columbia River Drainage Basin) shows, the Hanford Reservation
lies along the Columbia River just north of (upstream from) the confluence with the Yakima River.
The surfdce drainage ways in the Hanford Reservation are depicted in Figure II.3-D-2. Drainage
in the-northeastern two-thirds of the Reservation is to the Cotumbfa River directly, while
drainage of the soutwestern third is actually into the Yakima River Drainage Basin, a sub~
division of the Columbia River Drainage Basin.

The Yakima River, a major tributary of the Columbia River, has an overall Tength of about

180 miles and a drainage basin of about 6,000 square miles. The river heads in the rugged east-
ern slopes of the Cascade Mountains and flows southeastward into the semiarid region of central
Washington. It joins the Columbia River only a few miles north of the confluence with the Snake
River. Altitudes in the Yakima Basin range from 8,200 feet at Goat Rocks to 320 feet at the
mouth of the Yakima River. Glaciers are present along the western edge of the basin in areas
where the land surface is about 7,000 feet. Streams in the Yakima River have the greatest inci-
dence of flood in May and June when the snow melts more rapidly at higher altitudes.
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FIGURE I11.3-D-2 SURFACE WATER AREAS ON HANFORD RESERVATION
11.3-D.1.2 Geologic Setting

Examination of the geologic map of Washington! reveals that the Columbia River Drainage Basin
occupies two distinctly different geologic terranes. The western terrane encompasses the Cas-
cade Mountains where relatively old sedimentary, volcanic, and intrusive rocks have been
uplifted and dislocated by erasion into the rugged mountains. The eastern terrane derives from
a thick sequence of basalt flows {the Columbia River Basalt Group} Ffolded into numerous south-
east to east trending anticlinal ridges and synclinal valleys. Clastic sedimentary rocks partly
fill the synclinal valleys to depths exceeding 1,500 feet in some of the larger valleys. The
Hanford Reservation lies almost entirely within the Pasco Basin, one of the larger synciinal
valleys in the eastern terrane.

I1.3-D.1.3 Flow 3Systems
Direct precipitation over the Hanford Reservation mostly evaporates leaving a minimal amount of

water as land runoff and for infiltration. The Yakima and the Columbia Rivers are the only two
permanent streams in the area. Cold and Dry Creeks carry water only during the spring season.

II.3-D-2
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The natural groundwater flow system underlying the Hanford Reservation has been superimposed by
three synthetic flow systems: 1) the 200 West Area, 2) the 200 East Area, and 3) Gable Mountain
Pond. Approximately one-third of the liquid disposed at Hanford is received by the 200 West

Area flow system which apparently (using piezometers?) underflows the 200 East Area flow System.

Figure I1.3-D-3 is an isemetric projection used in groundwater studies. The figure shows the
Hanford groundwater table with exaggeration in the vertical dimension. Such a projection permits
visual inspection of the changing groundwater gradients.
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11.3-D.2 Surface Waters
11.3-D.2.1 The Columbia River [X.18]

Hydraulic Characteristics

The river reach from Priest Rapids Dam {river mile 397) to the head of the reservoir behind
McNary Dam (approximately river mile 351) is the last free-fiowing reach of the Columbia River
within the United States. The main channel is braided around the island reaches and submerged
rock ledges and gravel bars causing repeated pooling and channeling. The riverbed material is
mobile and dependent on river velocities; it is typically sand, gravel, and rocks up to 8 inches
in diameter. Small fractions of silts and clays are associated with the sands in areas of low-
velocity deposition, becoming more dominant approaching the upstream face of each river dam.3

I1.3-D-3 -
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The Columbia River in this reach has widely varying flows, not only from the annual flood Flow,
but also due to daily requlation by the power-producing Priest Rapids Dam just upstream. Flow
rates during the late summer, fall, and winter may vary from a low of 36,000 cfs (cubic feet per
second) to as much as 760,000 cfs each day. During the spring runoff, peak fiow rates from
160,000 cfs to 650,000 c¢fs have been observed. A maximum discharge of 692,000 cfs was recorded
on June 12, 1948 while the minimum discharge of 4,120 cfs was recorded on February 10, 1932.
Continuous flow data in the vicinity of Hanford is available from the gauging station maintained~
just below Priest Rapids Dam, Data* from this station and fts predecessor near Rock Island Dam
show a 55-year average flow of 120,800 cfs but during low fiow periods, daily flow rates may
average around 80,000 cfs or less. The flow variation for 1972 is given in Figure II.3-D-4; the
mean annual flow rate was 159,500 cfs.

.
py

River cross sections have been determined for a number of flow rates.* The river width normally
varies between 400 and 600 yards, depending upon the flow rate and location. The depth at the
deepest part of the measured cross sections varies from approximately 10 to 40 feet and averages
about 25 feet. However, the hourly variations in releases from Priest Rapids Dam can cause ele-
vation changes during the day of as much as 10 feet upstream of Coyote Rapids and 3 to 5 feet
downstream as far as Hanford. River stage measurements as a function of flow rate have been made
at numerous points along the river in conjunttion with reactor design and operation.5:6,7,8,9

Velocity measurements in the river have been made at selected locations, usua]]y.in conjunction
with temperature and radioactivity surveys, and have included both surface velocity and velocity
as a function of depth. Surface and vertical velocity profiles have been drawn from these mea-
syrements.5,? The maximum velocities measured vary from less than 3 feet per second {fps) to
over 11 fps, depending upon the river cross section and flow rate.
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FIGURE I1.3-D-4 FLOW VARIATION FOR 1972 - PRIEST RAPIDS DAM
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Travel times in the river have been measured by a number of different methods. Radioactive
tracers present in the reactor effluent and float methods were used in early work.%,10,11 |ater
studies with dye injection have confirmed these early measurements. River flow rates, elevations,
and travel times in the reservoir behind McNary Dam are strongly influenced by regulation of
river flows at McNary Dam, as well as at Ice Harbor Dam on the Snake River.

{(Additional references!2,13,1% on the hydraulic characteristics of the Columbia River are
available.) g :

Temperatures

River temperatures have been measured at a number of locations both above and beiow the Hanford
Reservation for many years with varying detail, methods, and instrumentation. The increase in
dam construction and the interest in the effects of operation of the Hanford reactors gave rise
to additional monitoring stations for measuring temperature along the river. S5ince the measure-
ments were not always accurate enough to properly and consistently characterize downstream tem-
peratures, starting in 1965 and lasting through 1970, special efforts were made to ensure that

the measured temperatures accurately represented the temperatures of the fully mixed )
river,12,13,15,16,17,18 3 j
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Tables II.3-D-1 and I1.3-D-2 give the monthly average temperatures below Priest Rapids Dam and at
Richland, respectively,

Analysis of the temperature trends recorded with the data shaws that dam construction on the
Columbia has delayed the annual peak temperature arrival dates in direct praportion to the
increase in travel time due to the dam.12.17,18,19 The free flowing stretch of river along the
Hanford reach responds more rapidly to thermal modification from both weather and industrial
inputs than impounded regions. Hence, n this stretch of river, summer warming and winter cool-
ing occur more rapidly. Studies have indicated that about 65% of the heat input to the Hanford
reach of the river is dissipated by the time it reaches the Washington-Oregon border.1® The
restdual heat below McNary Dam from Hanford input for the 1965-1969 pericd was about equal to
the effect the Snake Riwver has on the Columbia River temperature. The mean temperature rise
from natural heating along the Hanford stretch during the period of maximum natural heatinrg in
August and September is about 0.5 to (.75°C.

Chemical

Chemical analyses are made annually on the Columbia River water at Priest Rapids Dam (routinely

published2®). The chemical analyses for water year October 1971 to September 1972 are given

in Table II.3-D-3. The effect of reactor effluent on the chemical quality of the river water can
TABLE II.3-D-1

MOMTHLY AVERAGE TEMPERATURE {°C) AT PRIEST RAéIDS DAM

Year Month
[ i fi]

1961 5.4 4.7 4.7 7.4 10.4 13.7 i7.3 18.9 17.8 149 10.4 6.6
1962 4.1 3.6 3.6 6.5 10.0 13.7 16.1 17.4 17.1 14.8 11.9 8.9
1963 5.3 3.8 4.6 6.5 10.4 14.0 }6.6 8.4 18.3 16.3 11.9 7.7
1964 5.5 4.6 4.7 7.2 9.7 12.8 153 17.1 16.3 14.6 10.8 6.3
1965 4.4 3.3 4.1 6.6 10.0 13.3 16.1 18.4 17.3 153 11.9 7.8

%9
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1966 4.8 4.1 4.5 7.8 10.6 12.4 15.3 17.5 17.5 14,6 11.6 8.4
1967 5.9 5.7 5.0 6.8 10.1 13.3 16.1 18.5 18.2 15.4 11.3 7.2
1968 4.6 3.3 4.6 7.1 H.1 13.4 16.1 i7.5 17.2 14.2 10.9 6.8
1969 2.4 1.5 3.4 7.2 10.8 14.6 17.1 18.2 17.7 14.8 11.5 7.6
1970 4.3 4.1 4.8 6.8 10.9 14.8 18.0 19.2 17.5 15.2 10.6 6.2
1971 4.0 3.5 3.6 6.6 10.7 12.6 15.3 18.4 17.2 15.2 11.3 6.8
1972 3.6 1.9 4.0 7.2 10.6 12.9 15.2 17.3 16.8 15.4 11.3 7.3
TABLE II.3-D-2
MONTHLY AVERAGE TEMPERATURES (°C) AT RICHLAND
Year Month
T F WA K 3 ) A 5 0 K 3
1965 6.1 5.4 6.3 9.1 11.0 4.2 17.3 19.8 18.5 16.4 12.6 8.4
1966 5.9 6.2 6.8 10.3 12.1 13.5 16.2 18.8 19.4 15.6 12.6 9.
1967 7.4 7.0 6.6 8.8 12.0 13.9 17.0 20.2 19.4 15.1 2.0 7.8
1968 5.7 5.0 6.0 8.8 12.8 14.3 17.0 1i8.7 18.3 15.0 11,4 7.4
1969 2.7 1.9 4.3 8.0 11.4 15.3 17.9 19.3 18.6 15.2 11.7 B.0
1970 5.3 4.9 5.7 7.9 11.7 15.4 19,0 19.9 17.5 14.9 Q.6 5.9
1971 4.2 .4 3.8 7.0 11.0 12.9 16.4 19.5 17.8 15.0 10.7 6.2
1972 3.3 2.2 3.7 7.0 11.0 13.3 15.5 18.1 16.9 14.0 10.5 6.1
1973 3.2 3.0 4.7 7.8 12.9 15.6 18.3 19.6 18.3 15,0 9.9
11.3-D-5
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_ TABLE 11.3-D-3
CHEMICAL ANALYSES AT PRIEST RAPIDS DAM; WATER YEAR OCTOBER 1571 TO SEPTEMBER 1972

, TOTAL
DISSOLVED DISSOLVED DISSOLVED DISSOLVED ALKALINITY DISSOLVED DISSOLVED KJELDAHL
INSTANTANEOUS ~ CALCIUM MAGNESIUM  SODIUM  POTASSIUM BICARBONATE AS SULFATE  CHLORIDE 'NITROGEN
. DISCHARGT ital Mg tha) ) HCOy) CaCOs 1504} «n [
DATE  TIME {efs) imglt) Imgla) Imglet imglt) teght) imglth  {mgift tmgls tmgi)
OCTOBER
1 1630 105000 19 42 22 10 b 61 12 L5 032
18 110 9E600 19 42 24 31 3 & B 20 0.1
NOVEMBER
08 1410 101000 1% a4 23 L1 ] 61 1 o7 a08
15 1300 104000 B a0 a7 L 72 59 I 20 aw
DECEMBER
13 1515 146000 a a7 20 o % 62 15 Lo 0.0
bl 1340 132000 2 45 21 11 5 82 13 19 0.15
JANUARY
F] 13%0 132000 2 49 23 0.8 ™ 65 1 11 01z
FEBRUARY
c 1335 107000 2 48 28 08 78 o u L7 0.06
21 1350 135000 2 47 24 L1 £ 67 i 18 oI
MARCH
13 1410 172000 21 49 zl 12 % 1] 1 12 0.3
7 143 151000 n a9 24 Lo b4 3 16 L2 0.3
APRIL
10 M40 215000 20 4.8 3.0 e 77 63 16 a6 (8]
% 1325 136000 2 a9 24 14 0 66 Lb [
MAY
08 1425 175000 2 49 25 1.0 1 62 15 0.6 01
2 130 3314000 ¥ 44 27 07 I 5 18 (L] o»
JUNE
12 1410 404000 16 36 14 0.9 o 52 9.5 L8 0.9
2 1435 410000 17 37 1.8 0.8 65 53 9.8 07 0.3
oy .
10 1240 241000 i7 EX) L3 a7 56 4 1% L oM
H 1530 197000 I8 38 L& 08 & 52 36 L0 06
AUGUST .
07 1500 180000 18 37 L6 0.7 65 £ 9.6 03 0.24
2 1440 144900 18 3.7 17 07 67 55 9.5 o 0
SEPTEMBER
1 “I 131000 1 39 24 07 & 57 9.8 L3 011
5 1510 92000 18 42 19 9,0 i 5 u 0.6 on
DISSOLVED DISSOLVED
DISSOLVED AMMONIA DISSOLVED  ORIHO TOTAL SOLIDS
MITRITE  NITROGEN NITRATE  PHOSPHORUS PHOSPHORUS (RESIDUE HARDNESS NON-CARBONATE  SPECIFIC
N N (N} 1P} Py ATIBP0)  (Ca, Mgl HARDNESS  CONDUCTANCE  pH
+ DATE {mg/dh fmgl} imgln {malg) {mglet {mglt) (mgiz) {mgleh (MICROMHOS}  (UNITSH
OCTOBER
1 0,000 0.05 ol 0,010 0.0% 4 6 4 160 78
18 0,000 006 067 o010 00 9% (4] .3 W0 7.8
NOVEMBER
b 0.000 0.0 016 0.020 0.0% %0 66 5 145 .7
15 0.010 0.2 (K3} 0020 0.0%0 L o 5 145 7.8
DECEMBER
13 0.010 a0l 020 0.010 0.030 52 174 9 151 74
b4 0,010 0.00 025 0.020 0% 8 68 7 148 1.6
JANUARY
Fl] 0,000 .03 0.45 0,030 %0 73 8 156 7.8
FEBRUARY
o7 2010 0,01 a0 0.030 0,040 78 5 1l 171 1.6
2 0.000 0.05 0.13 0.030 0.020 n i 5 165 1.8
MARCH
13 0,010 005 032 0.0 0.060 152 3 7 1%8 6.5
27 0ol 007 L5 0.010 0,070 13 3 % 158 78
APRIL . .
10 0.010 0.03 0.4 0.020 0.050 154 7 7 15 a0
b/ 0.010 005 0.0% 0010 0.06 130 £} © 1 1% 30
MAY
08 0.000 0,05 0.04 0.010 0,030 15 0 8 164 80
2 0,000 0.05 007 0,010 0,05 100 6 10 0 1.8
JUNE
12 0.010 0.38 Ll £.000 0,080 13 55 2 128 7.6
o3 0,00 0.05 0,10 0.010 0.030 112 58 4 13 7.7
JuLy
il 0000 ol 0,15 0.010 0030 112 5 1t 150 7.6
] 0.610 0.02 0.2 0,000 0020 0 6l . 1% [}
AUGUST
o 0.010 00 0.68 0.000 0.020 1™ 60 7 7] 8.z
2 0.010 0.2 a0 0.010 0.020 i) 0 5 1% 7.9
SEPTEMBER
11 0.000 0.01 0.16 0,000 0.010 82 65 7 140 82
F] 0.010 003 0.3 0010 0.030 % & 5 1 35
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TABLE II.3-P-3 {Continued)

COLCR IMMEDIATE  DISSOLVED DISSOLVED DISSCAVED TOTAL  DISSOLVED
IPLATINUM DISSOLVED COLIFORM CHROMIUM COPPER  LEAD  MERCURY  ZINC
TEMPERATURE  COBALT TURBIDITY  OXYGEN  (COL. PR {Cr} Cu) {Ph} tMg) {Zn}
DATE {DEG C) UNITS). (T (gl l0MU_ i g/t walt) Wty g
OCTOBER
1 179 9 4 99 100 . . - -
18 151 % 2 100 2000 - 2 H al 0
NOVEMBER
08 105 12 2 10.8 >100 - - - -
15 nz 2 04 50 - - - -
DECEMBER
1B 62 7 2 L7 ] - - - 03 18
a 5.2 1 1 25 - . - - -
JANUARY
U 20 g 2 w2 0 1 2 11 @
FEBRUARY -
o 18 7 2 13.5 » 0 5 3 05 o
21 36 12 10 136 0 8 2 3 03 2
MARCH
13 a1 12 4 154 P 0 1 4 03 50
z 5.1 a 7 159 & 0 1 9 61 @
APRIL
10 7.8 n 4 14 230 0 1 8 0.6 o0
24 100 13 3 113 100 0 1 3 02 50
MAY
o 9.4 12 4 133 130 0 1 5 0.0 a
2 0y 2 9 13 400 0 1 5 0.3 50
JUNE
12 1.1 3 2 130 400 0 9 7% 53 a
2% Bs 16 5 128 20 0 2 6 o7 %
oy
10 152 18 3 120 400 0 2 5 a.2 2
# 175 12 : 1L6 1300 0 2 5 0.8 2
AUGUST
o7 34 3 2 1L3 110 L] Q 2 ol 10
a 19 9 2 1L0 120 0 2 2 0.6 3
SEPTEMSER
11 187 u 1 101 400 o, 2 4 33 8
25 148 12 1 110 20 1] 19 1 25 2

be studjed by comparison analyses on river samples taken semimonthiy at Vernita {upstream from
reactors) and Hanford {downstream of reactors). Mean values for selected analyses for CY 1963
are given in Table II.3-D-4, Statistical comparisons of these data, using a t-test on the dif-~
ferences between means, showed no significant differences at the 90% confidence level in any of
the species other than hexavalent chromium, used in reactor cooling water treatment. Similar
data plus Si, Na, K, Zn, B, Mn, NH,, NO4, and turbidity for samples taken at Vantage and 100-F
Area during 1962 and 1963 also showed no significant differences.

Table I1.3-D-521 presents bielogical and chemical analyses or the Columbia River at Vernita and
Richland for 1972, More complete data on a weekly basis are documented.?22

TABLE 1I.3-D-4
COLUMBIA RIVER CHEMICAL CHARACTERISTICS (1963)
(A11 values in ppm)
2 Mo _Cu_ Fe SO, CQ  _PO,

Vernita 2 3.9 0.003% 0.057 11.9 0.34 0.067
Hanford 21 3.7 0.0034 0.050 12.0 0.35 0.052

- Total
M.0. Diss. Diss. +6
Ak Hardness Solids L P Cr
Vernita 63 69 86 10.8 <0.005
Hanford 63 69 84 10.8 0.015

I1.3-D-7



TABLE I1.3-D-5

COLUMBIA RIVER BIDLOGICAL ANALYSES FOR 1972

i 247

g 9 |

Coliform Enterococci BOD
(8/100 m?) {N/100 ml} (ppm}
Vernita Richland Verpita Richland Vernita Richland
# Samples 14 1 14 " 14 1
Max., 210. 460. 280. 88. 4,1 4.2
Min. 1.0 2.0 1.0 2.0 1.0 1.2
Avg. 49, as. 37. 34, 2.6 z.9

COLUMBIA RIVER CHEMICAL ANALYSES FOR 1972

Nitrate (N03) Dissolved 62

Turbidity

{ppm) pH (41U} } (ppm)
Water Quality .
Standard 45 6.5 to 8.5 S + By 8.0 min.

Vernita Richland Vernita 300 Area Vernita 300 Area Vernita 300 Area

# Samples 51 52 47 224 43 219 34 181
Max. 1.3 1.0 9.2 9.4 28. 30, - 13.6 14.7
Min, {a) 0.14 7.4 7.2 0.6 0.05 4.0 8.1
Avg. D.36 0,37 8.1 8.0 5.0 4.6 . 110 10,

{a) Less than the analytical 1imit of 0.1 ppm.

Sediments

From the reactors located on the Hanford Reservation to several miles below the Snake River
mouth, bed sediments of the Columbia River are typically sand intermixed with gravel and rock as
large as 8 inches in diameter. Streambeds of eddying areas in this relatively fast-water reach
are usually composed of sand. Sand, silt, and clay are deposited in slack-water areas behind
McNary Dam. Between the upstream.reach {which has a coarse-sediment bed) and the deposits of
small-size sediments near McNary Dam, the streambed in deep channels is sand and in shallow areas
is a mixture of sand, silt, and some clay. Some sediment is present in the Bonneville reservoir.
In general the bed in most stretches of the river between the reservoirs either has been scoured
to bedrock or has been covered with a thin deposit of coarse gravel.

Concentrations of suspended sediment carried by the Columbia River vary considerably throughout
the year because of the seasonal contributions of tributaries.?® However, during all seasons
the Snake River usually is the major contributor of suspended sediments. BDuring slack water the
dams along the Columbia and Snake Rivers normally interrupt the transport of suspended sediment
as well as the bedload; during high water the sediment is resuspended. Thus, most of the sus-
pended sediment is discharged to the Pacific Ocean during the late spring and early summer at
the time of highest flow rate. L

Bedload sediment transport, appreciable oniy in the lower Columbia, fis probably small, perhaps
on the order of 10% of the total sediment load exclusive of dissolved materials.2%

Figure II1.3-D-52% and Table I1.3-D-6 give particle size data for eight of the reservoirs of the
Columbia River, based on 152 samples from near the center of the channel. The reservoirs of
importance here are Priest Rapids, Ice Harbor, McNary, The Dalles, and Bonneville., Table
11.3-D-72% shows the mineral composition of the sediment while Table II.3-D-8 shows the chemical
composition.

11.3-D-8
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MEAN GRAIN SIZE

} GRAVELBEDROCK

FIGURE I1.3-D-5 PARTICLE-SIZE DATA FOR EIGHT OF THE RESERVOIRS OF THE COLUMBIA RIVER

TABLE II.3-D-6

PARTICLE-SIZE DISTRIBUTIONS OF UNDISPERSED AND DISPERSED
SEDIMENTS FROM COLUMBIA RIVER SIZE CLASSES

Type of Analysis: A, not dispersed mechanically or chemically;
B, dispersed mechanically and chemically

{Size limits and range in microns)

Size Class .
Number Type of . Parcent in Size Range
and Limits Location Anaiysis 62-31 31-16 _16-4 4-2 <2

93.8 0.7 0.6
92.2 .
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90.8
86.4
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TABLE 1I.3-D-7

MINERAL COMPOSITION OF BOTTOM SEDIMENTS FROM COLUMBIA RIVER RESERVOIRS

Bulk-Mineral Composition (in %) of Bottom Sediments from Columbia River Reservoirs
Determined Petrographically by Point-Counting Thin Sections. Approximately

250 grains counted per sample.

xemezn, s=standard deviztion

- Priest Rapids Grand

Bonneville The Dalies _Mchary Wanapum Rocky Reach _Coulee lce Harbor
Constituent X s x5 x5 X S & 5 x5
Quartz 29 9.0 29 5.3 34 9.0 41 6.5 37 104 45 5.2
Plagioclase 18 5.2 17 5.9 15 6.8 12 3.5 5 0.6 8 4.1
K-Feldspar 10 4.* 13 6.6 12 5.1 1 2.7 12 2.9 N 1.9
Lithic fragments 3B 12,5 32 204 29 1.9 21 10.9 28 9.3 16 7.5
Opaque minerais 4 4.5 5 2.9 4 3.2 13 6.3 15 2.7 3 1.5
Mafic mineralsia) 5 3.2 4 31 6 5.3 2 1.7 3__ 1.7 11 5.0
Number of Samg'les 19 3 15 12 3 19

{a) Largely arthopyroxene {hypersthene), clinopyroxens {augite), hormblende, and biotite.

Heavy-Mineral (56»3.17) Composition {in %) of Bottom Sediments from Columbia River Raservoirs
Determined Petrographically by Point-Counting Grain Mounts in Hyrax (n=1.67).
Approximately 250 grafns counted per sample. x=mean, ssstandard deviation

Priest Rapids Grand

Bonneville The Dalles _McNary Hanapum Rocky Reach _Coulee fce Harbor
Constituent X .8 x5 x5 . - X 5. X 5
0rthopyroxene§a} 27 100 10 7.2 6 3.2 5 2.4 5 3.5 2 1.5
Clinopyroxene ki) 9.1 47 8.8 30 7.7 20 10 14 3.5 12 6.0
Horrblende 22 1.9 32 2.9 44 0.0 58 13.1 57 3.6 72 7.8
Epidote R 2 2.9 1 0.8 2 1.8 3 3.1 3 1.7 1 1.3
Garnet 6 5.2 3 3.3 9 6.8 ? 4.5 9 7.0 4 2.8
Sphena 1 1.0 2 1.0 3 1.1 5 1.9 g 2.8 5 2.3
Zircon 1 1.3 1 1.0 4 4.5 2 1.5 3 1.3 3 1.7
Apatite 1 0.8 1 0.8 1 1.0 i Q.7 0 1 0.3
Other tr tr tr tr tr tr
Humber _of Samples 19 [ [ 12 . 4 9

(a] Largely hypersthene.
(b} Largely augite.
L

TABLE I1I.3-D-8

CHEMICAL COMPOSITION IN BOTTOM SEDIMENTS FROM COLUMBIA RIVER RESERVOIRS

Chemical Composition of Major-Element Oxtdes {in weight %) in Bottom Sediments fram
Columbia River Reservoirs. Analysis by X-ray emission spectrography
(Mn0 and Ti0z by optica) emission spectrography). x=mean, se=standard deviation

Priest Rapids Grand
Bonneville The Dalles _McNary Wanapum Rocky Reach Coulee I¢e Harbor

Lonsttuent X8 X 5 X & X 5 X 5 x5
5107 68.5 4.3 65,2 3.4 67.6 4.8 66.2 3.3 58.4 2.9 62.3 2.
Tio: 0.8 0.2 0.8 0.1 0.8 0.2 0.7 0.2 0.8 0.1 1.1 0.1
Alp03 13.3 1.1 141 1.4 13,6 0.8 14.4 0.8 17.0 1.9 14,9 1.4
E:zﬂs as Fep0s 5.1 1.3 5.7 0.9 4.8 1.3 3.3 0.8 5.1 0.6 4.6 0.7
MnQ 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.2 0.° 0.3 0.4
Ma0 2.1 0.5 2.9 0.2 1.8 0.4 2.1 0.4 2.5 0.b 2.1 0.2
Ca0 3.2 1.0 3.7 0.5 3.2 1.0 3.5 0.3 2.6 0.3 3., 0.9
Mas0 3.0 0.2 2.7 0.3 2.8 0.3 3.5 0.3 2.5 0.2 2.4 0.2
Kza 2.1 0.3 2.0 0.2 2.2 0.2 2.3 0.1 3.1 0.3 2.3 0.3
Ha0 nd nd nd nd nd nd
ng nd_ nd nd nd ngd nd.

Total 98,2 964 96.9 8959 923 942
Kumber_of Samples 21 11 15 12 b 9

Chemical Composition of Minor Elements {ppm} in
Analysis by optical emission spectrography (E.

Bottom Sediments from Columbia River Reservoirs.
Bingham, analyst). x=mean, $=$tandard deviation

Priest Rapids Grand

Bonneville The Dalles _McHary Wanapum Rocky Reach _Coulee Ice Harbor
Constituent x5 X 5 X, 5 X s % 5 % 8
8 20 <5 20 <10 30 10 30 <10 50 <1} 30 <10
Ba 1720 430 1600 270 1410 330 850 60 970 190 860 an
Co 10 <1D 10 <10 10 <10 10 <10 20 <10 20 <10
Cr 50 10 50 <10 50 20 40 10 40 10 30 <0
Cu 20 10 40 10 40 10 40 10 %0 20 50 10
Ga 20 <10 20 <10 20 <10 20 <10 20 <10 20 <10
L a0 10 30 <10 30 <10 40 10 50 10 30 <0
Pb 20 <10 40 20 40 28 70 1) 570 170 30 10
Sc 20 <10 20 <10 20 <10 20 <10 20 <10 30 <0
Sr 430 70 430 B0 450 110 360 110 2580 30 300 50
¥ an 50 120 30 60 50 100 40 50 10 130 i)
Y 40 <0 50 10 50 10 50 10 120 20 60 <10
Ir 150 30 180 40 190 50 180 40 i80 30 280 80
Humber of Samples 21 1 15 12 ] 9

11.3-p-10
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11.3-D.2.2 The Yakima River

The Yakima River, a small river with flows of between 1,300 cfs and 20,000 cfs, partiaily borders

the Hanford Reservation on the southern side. This river is of minimal importance to the Hanford

Reservation and its operation; i.e., no direct withdrawal or disposal is made to the Yakima

River.

Continuous flow data® im the vicinity of Hanford are available from a water stage recorder located
at Kiona (approximately 20 miles west of Richland}.
of 67,000 cfs on December 23, 1933 and a minimum of 105 cfs on September 11